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Preface  to  the  Fourth  Edition 


As  with  the  third  edition,  quite  a  number  of  changes  have  been  made  in 
this,  the  fourth  edition.  These  changes  are  due  to  two  causes:  more  and  more 
experience  with  students  in  the  laboratory  and  with  their  problems;  and 
those  advances  in  the  field  which  can  be  put  to  use  in  a  course  in  elementary 
biochemistry. 

Aside  from  a  number  of  reorganizations  of  experiments  which  were  in¬ 
cluded  in  the  third  edition,  specific  additions  in  the  present  edition  are  the 
following:  the  time  course  of  starch  hydrolysis  (page  5) ;  filter  paper 
chromatography  (page  20) ;  the  estimation  of  catalase  (page  42) ;  an  experi¬ 
ment  on  the  fermentation  of  yeast  (page  44) ;  the  estimation  of  gastric  acidity 
(page  56) ;  the  absorption  spectrum  of  hemoglobin  and  related  compounds 
(page  76) ;  the  oxygen  capacity  of  blood  (page  115) ;  several  additions  to  the 
quantitative  estimations  of  urinary  constituents  (pages  133  to  136) ;  animal 
experiments  (page  137) ;  some  vitamin  estimations  (page  140)  ;  and  the  details 
of  a  laboratory  schedule  for  a  two-semester  course  in  biochemistry  (page  142) . 

The  Authors 

New  York  City 
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Preface  to  the  First  Edition 


The  purpose  of  this  Laboratory  Manual  is  to  provide  simple  experiments 
which  will  demonstrate  certain  phases  of  the  subject  matter  covered  m  the 
author’s  “Textbook  of  Biochemistry.”  It  was  designed  also  for  use  with  any 
of  the  standard  textbooks  on  the  subject.  The  Manual  is  the  result  of  ten 
years’  experience  with  students  electing  courses  in  biochemistry.  Some  of  the 

points  we  wish  to  emphasize  are  the  following: 

1.  The  book,  we  believe,  covers  and  more  than  covers  the  needs  of  students 

who  wish  to  devote  two  semesters  to  laboratory  work  in  biochemistry. 

2.  By  appropriate  selections,  it  is  possible  to  offer  an  elementary  intro¬ 
ductory  course  in  one  semester. 

3.  Directions  cannot  be  too  precise.  Every  experiment  in  the  Manual  has 
been  tested  and  retested;  and  the  precise  directions  are  the  result  of  such 
experience.  Even  “qualitative”  test-tube  experiments  are  described  in 
“quantitative”  terms. 

4.  Under  “Lipids”  (Chapter  2)  and  “Proteins”  (Chapter  3),  the  main 
operations  deal  with  the  isolation  of  products  and,  somewhat  incidentally, 
with  the  identification  of  such  products  by  appropriate  test-tube  experiments. 
Here  the  attempt  has  been  made  to  apply  the  common  procedure  in  organic 
chemistry  that  first  calls  for  a  specific  preparation  and  then  the  appropriate 
tests  for  its  identification. 

5.  The  questions  placed  at  the  end  of  experiments  should  prove  useful. 

6.  A  number  of  experiments  involving  more  recent  procedures  are  in¬ 
cluded.  Of  these  we  may  mention  the  application  of  photochemistry,  the 
determination  of  sulfa  drugs,  and  the  uses  of  chromatographic  analysis. 

7.  The  use  of  “unknowns”  in  blood  analyses. 

8.  Reagents  for  “qualitative”  work  will  be  found  arranged  alphabetically. 
Reagents  for  quantitative  work  are  described  as  part  of  the  specific  experiment 
in  question. 

It  is  hoped  that  this  Manual  may  be  found  useful  in  simplifying  the 
laboratory  work  in  biochemistry. 

nr  v,  ,  ..  The  Authors 

New  York  City 
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Chapter  1  Carbohydrates 


(Details  concerning  the  preparation  of  all  reagents  will  be 

Appendix,  page  147.)  . 

The  Molisch  test  is  a  general  test  for  carbohydrates.  It  is 

compound  which  can  be  dehydrated  to  furfural, 

HC - CH 

II  II 

HC  C.CHO 

\  / 

O 

or  a  substituted  furfural,  by  concentrated  sulfuric  acid.  The  color  is  due  to 
various  condensation  products  of  furfural  with  a-naphthol.  Another  general 
test  is  the  anthrone  test.  Anthrone, 


found  in  the 

given  by  any 


O 


/\/  \A 


V\  /\f 

c 


H  H 

which  is  the  keto  form  of  9-hydroxy-anthracene,  reacts  with  carbohydrates  to 
produce  a  green  to  blue-green  color. 

Carbohydrates  which  have  a  free  aldehyde  or  a  ketone  group  are  easily 
oxidized,  thereby  acting  as  reducing  agents.  The  Benedict  and  Barfoed  tests 
are  based  upon  the  reduction  of  Cu++  to  Cu+.  Using  the  Barfoed  test,  it  is 
possible  to  distinguish  monosaccharides  from  disaccharides  by  controlling 
conditions  (that  is,  pH  and  time  of  heating).  Reducing  sugars  convert  picric 
acid  to  picramic  acid.  Those  carbohydrates  which  have  the 

I 

CHO  C=0 

I  oi  | 

CHOH  CHOH 

I  I 

groupings  form  osazones  with  phenylhydrazine. 

There  are  several  more  or  less  specific  reactions  for  certain  carbohydrates. 
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For  example,  the  Seliwanoff  reaction  is  due  to  the  conversion  of  fructose  by 
hot  hydrochloric  acid  into  levulinic  acid  and  hydroxymethylfurfural,  and  the 
condensation  of  the  latter  compound  with  resorcinol.  The  mucic  acid  test  for 
galactose  takes  advantage  of  the  relative  insolubility  of  mucic  acid,  which  is 
formed  by  the  oxidation  of  galactose.  The  iodine  test  may  be  used  to  dis¬ 
tinguish  starch  from  glycogen. 

For  experiments  1  to  9  use  1  per  cent  solutions  of  glucose,  fructose, 
galactose,  maltose,  lactose,  sucrose  and  starch. 

Experiment  1.  Molisch  Test.  Add  2  drops  of  the  Molisch  reagent  to 
2  ml.  of  the  sugar  solution  and  mix  thoroughly.  Incline  the  tube,  and  pour 
down  its  side,  slowly  and  carefully,  5  ml.  of  concentrated  sulfuric  acid. 

(o)  What  is  the  color  of  the  ring  formed  at  the  interface  of  the  two 
liquids? 

(6)  What  substance  other  than  a-naphthol  can  be  used  as  a  reagent? 

(c)  What  group  of  substances  give  the  Molisch  test? 

( d )  Why  do  many  proteins  give  the  Molisch  test? 

Experiment  2.  An  throne  Test.*  Add  carefully  2  ml.  of  a  0.2  per  cent 
solution  of  anthrone  in  concentrated  sulfuric  acid  to  0.2  ml.  of  each  of  the 
carbohydrate  solutions.  Also  add  2  ml.  of  a  0.2  per  cent  anthrone  solution 
to  a  test  tube  containing  some  filter  paper  pulp.  Shake  each  tube  carefully 
and  let  it  stand.  Notice  the  color  immediately  and  after  a  half  hour.  If  a 
milkiness  is  produced,  dilute  carefully  with  glacial  acetic  acid  or  50  per  cent 
sulfuric  acid.  (Note:  The  final  sulfuric  acid  concentration  in  the  test  solution 
should  always  be  greater  than  50  per  cent.) 

(а)  Is  there  a  change  in  intensity  of  the  color  upon  standing? 

(б)  If  the  test  solution  contains  other  organic  compounds  besides  carbo¬ 
hydrates,  brown  colors  may  be  produced.  Why? 

Experiment  3.  Picric  Acid  Test.  Mix  2  ml.  of  each  of  the  carbohy¬ 
drate  solutions  with  1  ml.  of  saturated  picric  acid  solution  and  0.5  ml.  of 
1  M  sodium  carbonate.  Put  the  samples,  at  the  same  time,  into  a  boiling 
water  bath,  and  continue  boiling  until  a  color  change  develops. 

(a)  Which  of  the  sugars  you  have  tried  gives  the  test? 

( b )  Write  the  equation  for  the  conversion  of  picric  acid  to  picramic  acid. 

(c)  Why  can  this  test  be  made  the  basis  for  a  colorimetric  determination 

of  sugar  in  the  blood? 

Experiment  4.  Benedict  Test.  Add  8  drops  of  each  of  the  carbohydrate 
solutions  to  5  ml.  of  Benedict’s  qualitative  reagent,  and  shake  each  tube. 
Place  all  the  tubes  at  the  same  time  into  a  boiling  water  bath  and  continue 
boiling  for  three  minutes.  Allow  to  cool  and  compare. 

(a)  What  is  the  color  of  the  precipitate? 

( b )  Discuss  the  chemistry  of  the  test. 

♦  R.  Dreywood:  Ind.  and  Eng.  Chem.,  Analytical  Ed.,  18,  499  (1946). 
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(C)  What  compounds  other  than  those  of  copper  may  be  used? 

(d)  What  is  the  function  of  the  sodium  citrate. 

:  How  does  Benedict’s  reagent  differ  from  FeU>, a^s  reag ent? 

(/)  What  substance  in  the  urine  interferes  with  the  Fehling  test. 

Experiment  5.  Barfoed  Test.  Add  1  ml.  of  each  of  the  carbohydrate 
solutions  to  3  ml.  of  freshly  prepared  Barfoed  reagent.  Place  the  test  tubes  at 
the  same  time  into  a  boiling  water  bath  and  boil  for  one  minute  or  longer, 
necessary,  until  a  reduction  is  noticed. 


(a)  Which  of  the  sugars  are  oxidized?  .  9 

(b)  What  is  the  objection  to  boiling  the  solution  for  too  long  a  time. 

(c)  How  does  Barfoed’s  reagent  differ  from  Benedict’s  reagent. 

(d)  Can  the  Barfoed  test  be  used  in  place  of  the  Benedict  test  for  the 

detection  of  sugar  in  the  urine? 


Experiment  6.  Seliwanoff  Test.  Add  3  drops  of  each  of  the  carbo¬ 
hydrate  solutions  to  3  ml.  of  the  Seliwanoff  reagent.  Place  the  tubes  at  the 
same  time  into  a  boiling  water  bath,  and  heat  until  a  color  develops  in  one 
or  more  of  the  solutions. 


(a)  Which  solution  gives  the  test  in  the  shortest  time? 

( b )  Could  this  test  be  used  to  distinguish  sucrose  from  fructose? 

(c)  When  glucose  or  maltose  solutions  containing  the  Seliwanoff  reagent 
are  heated  for  a  long  time,  a  color  will  also  be  produced.  What  is  the  reason 
for  this? 


Experiment  7.  Galactose.  Mucic  Acid  Test.  Place  about  50  mg.  of 
galactose  in  a  test  tube  and  50  mg.  of  glucose  in  another  tube.  Add  1  ml.  of 
distilled  water  and  1  ml.  of  concentrated  nitric  acid  to  each.  Heat  in  a  boiling 
water  bath  in  the  hood  for  one  and  one-half  hours.  Add  5  ml.  of  water  to  each 
of  the  tubes,  and  allow  them  to  stand  overnight. 

(а)  Write  the  equations  for  the  two  reactions. 

(б)  What  other  sugar  gives  the  mucic  acid  test? 


Experiment  8.  Phenylhydrazine  Test.  Using  a  small  graduated 
cylinder,  add  5  ml.  of  a  freshly  prepared  phenylhydrazine  solution  to  a  test 
tube  containing  2  ml.  of  glucose  solution  and  to  another  tube  containing  2  ml. 
of  fructose  solution.  Place  the  tubes  in  a  boiling  water  bath  for° thirty 
minutes.  Allow  the  tubes  to  cool  slowly.  Remove  a  small  quantity  of  crystals 
with  a  pipette  transfer  them  to  a  slide,  cover  with  a  slip,  and  examine  under 
both  powers  of  a  microscope.  Make  drawings  of  the  crystals. 


(a)  How  do  the  crystalline  forms  of  the  two  sugars  compare’ 
fructose  nte  ^  eqUati°nS  f°r  the  formation  the  osazones  of  glucose  an 
(c)  Which  sugars  do  not  give  osazones? 
hydrochloride'?  **  °f  adding  8°diUm  acetate  to  1116  Phenylhydrazin 
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( e )  Why  is  it  difficult  to  use  the  melting  points  of  osazones  as  a  means 
of  distinguishing  the  sugars? 

Experiment  9.  Inversion  of  Sucrose.  Heat  10  ml.  of  1  per  cent  sucrose 
solution  and  2  drops  of  concentrated  sulfuric  acid  in  a  test  tube  for  three 
minutes.  Cool.  Neutralize  the  hydrolysate  with  saturated  sodium  carbonate 
solution,  using  litmus  as  the  indicator,  and  perform  the  Benedict  test. 

(a)  Does  sucrose  give  a  positive  Benedict  test? 

( b )  How  would  the  hydrolysate  behave  towards  phenylhydrazine  mixture, 
Barfoed’s  and  Seliwanoff’s  reagents? 

(c)  Explain  the  reactions  under  (6). 

(d)  Write  the  equation  for  the  inversion  of  sucrose. 

( e )  What  methods  other  than  the  one  above  can  be  used  for  hydrolyzing 
sucrose? 

Experiment  10.  Starch-Iodine  Test.  Add  3  ml.  of  a  1  per  cent  starch 
solution  to  each  of  three  test  tubes.  To  the  first  tube  add  2  drops  of  water,  to 
the  second  add  2  drops  of  6  N  hydrochloric  acid,  and  to  the  third  add  2  drops 
of  6  N  sodium  hydroxide.  Mix.  To  each  tube  add  one  drop  of  a  0.01  M 
iodine  solution.  Note  the  color.  Heat  a  tube  in  which  color  develops.  Cool. 
Note  any  change. 

(a)  What  substances  other  than  starch  give  a  color  with  iodine? 

( b )  3I2  +  6NaOH  5NaI  +  NaI03  +  3H20 

5NaI  +  NaI03  +  6HC1  3I2  +  6NaCl  +  3H20 

What  do  these  equations  suggest  with  regard  to  the  best  conditions  for 
performing  the  test? 

(c)  How  would  you  compare  the  sensitivity  of  this  test  with  that  of  the 
anthrone  test? 

Experiment  11.  Hydrolysis  of  Starch.  Mix  10  ml.  of  a  1  per  cent 
starch  solution  with  3  ml.  of  3  M  hydrochloric  acid,  and  immerse  the  tube  in 
a  boiling  water  bath.  At  three  minute  intervals  remove  a  drop  and  test  (using 
a  test  tablet)  with  0.01  M  iodine,  and  compare  with  a  control.  Continue  the 
testing  (observing  all  the  color  changes)  until  the  point  where  the  iodine 
color  remains  unchanged  upon  the  addition  of  a  drop  of  the  hydrolysate. 
Neutralize  a  portion  of  the  solution  after  hydrolysis  with  sodium  carbonate, 
and  perform  the  Benedict  test. 

(a)  What  intermediate  substances  are  formed  during  the  starch  hydroly¬ 
sis  ? 

( b )  How  do  these  intermediate  substances  behave  towards  iodine  and 
Benedict’s  reagent? 

Experiment  12.  Preparation  of  Potato  Starch.  Wash  and  peel  pota¬ 
toes  Dice  250  gm.  of  potato  and  homogenize  for  30  seconds  in  a  Waring 
blender  with  200  ml.  water.  Strain  the  mixture  through  several  layers  of  cheese 
doth  into  a  500  ml.  beaker.  What  is  the  residue?  Discard. 

Add  200  ml.  water;  stir;  allow  to  stand  undisturbed  until  the  starch  has 
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settled-  fafa  ,1,,  . n«fa  »d 

SS.  AM  tah  SS  X  Sd»»  <— I.  Spread  .a  a  fad. 

glass  to  dry. 

Experiment  13.  Time-Course  of  Starch  Hydrolysis. 

(a)  Prepare  4  test  tubes  labeled  1  through  4,  each  with  a  stopper.  Into 
each,  pipette  1.0  ml.  of  0.25  M  Na2C03  and  8.0  ml.  water. 

(b)  Prepare  a  boiling  water  bath  in  a  large  beaker.  . 

(c)  Suspend  1.0  gm.  of  potato  starch  in  100  ml.  of  0.5  N  HC1  m  an 
Erlenmeyer  flask  fitted  with  a  loose  stopper.  Shake  vigorously  and  imme- 
diately  place  the  flask  into  the  water  bath.  Note  the  exact  time. 

( d )  At  exactly  10  minutes,  remove  1  ml.  of  the  hydrolysate  by  pipette 

and  add  to  test  tube  #1.  Mix. 

(e)  Repeat  at  20,  30  and  60  minutes. 

( j )  Prepare  7  Folin-Wu  tubes,  labeled  Sti,  St2,  St3,  1,  2,  3  and  4. 

(g)  Pipette  into  each  of  the  appropriate  Folin  tubes,  2.0  ml.  of  each  of 

the  neutralized  hydrolysates.  #  . 

(, h )  Into  Folin  tube  Sti  place  2.0  ml.  of  the  glucose  standard  containing 
0.1  mg.  glucose  per  ml. ;  into  St2  place  2.0  ml.  of  the  glucose  standard  con¬ 
taining  0.2  mg.  glucose  per  ml. ;  into  St3  place  2.0  ml.  of  the  glucose  standard 
containing  0.4  mg.  glucose  per  ml. 

(i)  To  each  Folin  tube  add  2  ml.  of  the  alkaline  copper  tartrate  reagent. 
Mix  by  lateral  shaking.  Place  the  tubes  in  a  boiling  water  bath  for  6  minutes. 
Cool  in  a  beaker  of  cold  water. 

(;)  To  each  Folin  tube  add  2  ml.  phosphomolybdic  acid  reagent.  Mix. 
When  the  evolution  of  C02  has  ceased  add  water  to  the  25  ml.  mark,  stopper 
and  invert  several  times.  Read  each  solution  against  that  standard  which 
most  closely  matches  its  color  intensity. 

{k)  Calculation:  (Visual  colorimeter;  see  p.  67). 

Reading  of  standard  v  ,  .  _  ,  ,  , 

— t: - - : - X  nig.  glucose  in  2  ml.  standard 

Reading  oi  unknown 

X  ~2~  X  160  =  mg.  glucose  per  100  ml.  hydrolysate 


(Z)  Plot  mg.  glucose  per  100  ml.  hydrolysate  for  each  time  interval. 

(m)  To  each  of  the  neutralized  hydrolysates  add  1  drop  of  1  N  HC1  and 
1  drop  of  iodine  solution.  Observe  the  color  as  compared  with  that  obtained 
with  an  unhydrolyzed  starch  solution. 


Experiment  14.  Isolation  of  Glucosazone  from  a  Starch  Hydrolysate. 
Transfer  1  gm.  of  starch  with  the  aid  of  100  ml.  of  1  M  hydrochloric  acid  to 

a  250  ml.  flask,  attach  a  reflux  condenser  to  the  flask,  and  boil  the  contents 
gently  to  hydrolyze  the  starch. 

At  five  minute  intervals  remove  a  drop  of  the  liquid  and  test  with  iodine 
,  X0er^rr'^n^  f0) .  When  the  blue  (starch-iodine)  color  no  longer  appears,  do 
the  Benedict  test  (Experiment  4)  on  a  neutralized  sample  of  the  liquid. 
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Continue  boiling  gently  for  thirty  minutes  after  a  positive  Benedict  test 
has  been  obtained. 

Transfer  the  hydrolysate  to  a  beaker  and,  while  stirring  carefully,  add  solid 
sodium  carbonate  until  the  hydrolysate  is  neutral  to  litmus. 

Do  several  carbohydrate  tests  on  small  portions  of  the  neutralized 
hydrolysate  (see  Experiments  3,  5,  and  6). 

To  prepare  the  glucosazone,  add  90  ml.  of  phenylhydrazine  mixture  to 
the  neutralized  hydrolysate  and  boil  gently  over  a  free  flame  for  thirty  min¬ 
utes.  (Caution!  phenylhydrazine  is  poisonous  and  should  be  handled  with 
care.  Avoid  spilling  the  reagent  or  getting  it  on  the  skin.  In  case  of  such  an 
accident,  wash  off  with  dilute  acetic  acid,  followed  by  water.) 

Recrystallize  the  osazone  by  dissolving  it  in  a  minimum  quantity  of  hot 
50  per  cent  alcohol.  Add  decolorizing  carbon  or  norite,  filter  while  hot,  and 
cool.  Examine  the  crystals  under  the  microscope.  Air-dry  and  submit  the 
sample  to  the  instructor. 

Experiment  15.  Glycogen.  Grind  several  fresh  oysters  with  sand  in  a 
mortar.  Transfer  to  an  evaporating  dish,  add  10  ml.  of  water,  slightly  acidify 
with  acetic  acid,  and  boil  gently  for  fifteen  minutes.  (Do  not  char  or  evapo¬ 
rate  to  dryness!)  If  necessary,  add  1  or  2  ml.  of  water.  Filter.  Test  2  ml.  of 
the  filtrate  with  0.01  M  iodine.  In  order  to  test  the  glycogen  with  the  dilute 
iodine  solution,  use  a  control  solution  containing  2  ml.  of  water.  Add  iodine 
solution,  drop  by  drop,  and  in  the  same  amounts,  to  each.  Note  the  develop¬ 
ment  of  color. 

Hydrolyze  5  ml.  of  glycogen  solution.  For  the  hydrolysis  and  subsequent 
testing,  repeat  as  under  Experiment  14. 

(a)  Compare  the  iodine-glycogen  test  with  the  iodine-starch  test. 

(b)  Compare  glycogen  and  starch  as  to  their  reaction  with  (1)  phenyl¬ 
hydrazine;  (2)  Benedict’s  solution,  and  (3)  anthrone. 

(c)  Aside  from  the  use  of  acid,  what  other  methods  can  be  used  for 
hydrolyzing  starch  or  glycogen? 

Experiment  16.  The  Identification  of  Sucrose  in  the  Presence  of 
Glucose.  To  a  mixture  of  2  ml.  of  1  per  cent  sucrose  and  2  ml.  of  1  per 
cent  glucose,  add  6  ml.  of  Benedict’s  qualitative  reagent  and  immerse  in  a 
boiling  water  bath  for  ten  minutes.  Cool.  Filter.  Add  6  ml.  of  Benedict  s 
solution  to  the  filtrate  and  immerse  in  a  boiling  water  bath  again.  Cool.  If 
no  reduction  takes  place,  what  does  this  show  ? 

If  reduction  does  occur,  filter  and  treat  the  filtrate  with  Benedict  s  solution 
as  before.  Continue  the  process  until  no  more  reduction  occurs.  Add  con¬ 
centrated  hydrochloric  acid,  a  little  at  a  time,  to  the  filtrate  until  it  is  neutral. 
Now  add  2  drops  of  concentrated  hydrochloric  acid  and  boil  for  three 
minutes.  Cool.  Neutralize  with  0.1  M  sodium  hydroxide.  Add  6  ml.  of 
Benedict’s  solution  and  immerse  in  a  boiling  water  bath. 

(а)  What  is  the  result? 

(б)  Explain  what  has  happened. 
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(c) 

(d) 


What  sugars  are  obtained  when  sucrose  is  hydrolyzed? 
How  could  you  prove  your  answer  under  {b)  . 


Experiment  17.  Identification  of  an  Unknown  Sugar.  Devise  yom 
own  procedure  to  identify  the  carbohydrate  your  instructor  gave  you  as  an 

“unknown.” 


POLARIMETRY 

Ordinary  light  is  a  wave  motion  in  which  the  vibrations  take  place  in  all 
planes  perpendicular  to  the  direction  of  propagation.  Light  caused  to  pass 
through  certain  substances  emerges  changed  in  such  a  manner  that  it  vi  ra  es 
in  but  a  single  plane,  and  is  said  to  be  plane  polarized.  Calcite  (crystalline 
calcium  carbonate)  is  frequently  used  to  polarize  light.  However,  the  crystal 
causes  the  light  to  be  polarized  in  two  planes  perpendicular  to  each  other. 
Two  wedge-shaped  pieces  of  calcite  cemented  together  with  Canada  balsam 
constitute  a  Nicol  prism.  Such  a  prism  will  remove  one  of  the  polarized  rays 
and  not  the  other  (Fig.  1).  The  light  on  entering  the  prism  is  divided  into 


two  rays,  A  and  B .  Ray  A  is  bent  more  than  B  and  is  reflected  from  the 
cemented  surface  and  absorbed  in  the  black  varnish  coating  the  prism.  Ray  B 
emerges  from  the  prism  plane,  polarized. 

Many  substances  in  solution  have  the  power  to  rotate  the  plane  of  polarized 
light.  Such  substances  are  said  to  be  optically  active.  If  the  rotation  is  meas¬ 
ured  under  standardized  conditions,  the  specific  rotation  is  given  by 

r  Y  100  X 
LaJD  “  lc 

where 

a  =  specific  rotation. 

t  =  the  temperature  at  -which  the  measurement  is  made 
D  =  the  line  for  sodium  vapor  (5890  A) 

X  =  observed  angle  of  rotation 
l  =  length  of  the  tube  in  decimeters 

c  =  the  number  of  grams  of  material  dissolved  in  100  ml.  of  solution 

If  the  specific  rotation  of  a  substance  is  known,  the  concentration  of  the 
sugar  solution  of  unknown  concentration  is  determined  by  the  following 
relationship: 


100  X 


c  = 
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The  percentage  of  substance  in  solution  (parts  by  weight  in  100  parts  by 
weight  of  solution)  may  be  obtained  if  the  density  ( d )  of  the  solution  is 
known,  by  substituting  p  X  d  —  c  and  solving  for  p. 

Therefore,  p  = - 100  ^ 

[“Id  X  1  X  d 

The  instrument  used  to  determine  the  extent  of  rotation  is  the  polarimeter „ 
A  special  form  designed  for  the  examination  of  sugar  solutions  is  called  a 
saccharimeter .  These  instruments  vary  in  design,  but  in  principle  are  much 
the  same.  Monochromatic  light  (usually  sodium  D  line)  from  the  source,  L 
(Fig.  2),  is  passed  through  the  lens,  B ,  which  renders  the  rays  parallel.  Itl 
then  passes  through  a  Nicol  prism,  P,  called  a  polarizer.  The  thin  quartz- 


Fig.  2. 


plate,  C ,  half  covers  the  field  and  is  of  such  thickness  as  to  alter  the  phase  oft 
the  light  by  half  a  wavelength.  The  light  still  remains  plane  polarized,  but! 
half  the  field  is  shadowed.  The  light  then  traverses  the  column  of  liquid  to  bei 
examined  in  the  tube,  P,  and  thence  through  the  analyzer,  A.  The  field  of 
view  is  observed  through  the  telescope,  E  F.  Near  the  eyepiece  is  a  recording; 
disc  which  registers  in  fractions  of  a  degree  the  rotation  of  the  analyzer  when  i 
the  two  light  fields  are  of  equal  intensity.  (See  also  Fig.  3.) 


Fig.  3. 
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ships  and  r’°|  rot^10,‘^d  su  solutions  change  their  rotation  with  time. 
ThlTs  caUed  mXroWti.  When  measuring  the  rotation  of  such  substances, 
J  is  important  to  make  certain  that  equilibrium  among  the  various  forms 

^Before  u!ing  the  instrument,  consult  the  specific  directions  which  come 
with  the  polarimeter  or  saccharimeter,  or  consult  your  instructor.  > 

Y  Calculation  of  Specific  Rotation:  Twenty  grams  of  sucrose  are  weighed 
and  dissolved  in  water  to  100  ml.  This  solution  gives  an  angular  rotation  for 

sodium  light  of  +53.2°  in  a  400  mm.  tube  at  20°C. . 

Calculate  the  specific  rotation  of  sucrose  for  the  given  concentration. 

Experiment  18.  Determination  of  Specific  Rotation.  Rinse  a  polar¬ 
imeter  tube  twice  with  5  to  10  ml.  portions  of  distilled  water,  and  then  fill  to 
the  top  with  water,  and  stopper.  Place  in  the  polarimeter  and  rotate  the 
analyzer  of  the  polarimeter  until  both  halves  of  the  circular  field  seen  through 
the  eyepiece  are  equally  illuminated.  Change  the  analyzer  setting  and  again 
bring  the  analyzer  to  the  point  where  the  field  is  uniform  and  obtain  another 
reading.  In  this  way  take  three  readings  and  calculate  the  average.  This  is  the 
zero  reading  of  the  polarimeter. 

Dissolve  2  gin.  of  D-glucose  in  about  95  ml.  of  distilled  water  in  a  100  ml. 
volumetric  flask.  Add  several  drops  of  concentrated  ammonium  hydroxide, 
or  some  solid  sodium  carbonate,  until  1  drop  of  the  sugar  solution  gives  a 
red  color  to  2  drops  of  phenolphthalein  solution  (which  is  used  as  an  out¬ 
side  indicator).  Now  make  up  to  100  ml.  with  distilled  water.  Mix  well. 

Rinse  the  polarimeter  tube  at  least  twice  with  5  to  10  ml.  of  the  clear, 
colorless  sugar  solution,  fill  with  that  solution,  and  take  at  least  three  readings 
in  the  polarimeter  as  before.  Calculate  the  average  of  these  readings.  Calcu¬ 
late  the  difference  between  the  zero  reading  and  the  reading  of  the  optically 
active  solution.  Record  the  temperature. 

Repeat  this  procedure  with  sucrose  and  maltose.  Calculate  the  specific 
rotation  of  each  sugar  and  compare  with  those  given  in  the  literature. 


(a)  Why  is  it  necessary  to  add  ammonium  hydroxide  or  sodium  carbonate 
to  each  reducing  sugar  before  reading  in  the  polarimeter? 

( b )  Explain  the  terms  “dextrorotatory”  and  “levorotatory.”  Name  one 
carbohydrate  used  in  this  experiment  which  is  dextrorotatory  and  one  which 
is  levorotatory. 

(c)  What  is  the  meaning  of  the  terms  D-glucose  and  D-fructose? 

(d)  Write  the  formulas  of  the  compounds  believed  to  be  present  in  an 
equilibrium  mixture  of  glucose  and  of  fructose. 

(e)  List  some  reasons  for  the  difference  between  your  experimentally 
determined  values  of  specific  rotation  and  those  in  the  table. 


Experiment  19.  Rate  of  Acid  Hydrolysis  of  Cane  Sugar.  Turn  on 
the  sodium  lamp  about  20  to  30  minutes  before  taking  polarimeter  readings. 
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Heat  a  water  bath  to  60  °C.  and  regulate  the  burner  so  that  the  water  bath 
remains  approximately  constant  at  this  temperature.  Obtain  the  zero  reading 
of  the  polarimeter  as  in  the  previous  experiment. 

Prepare  200  ml.  of  a  solution  containing  20  gm.  of  sucrose  and  mix  well. 
Place  the  sugar  solution  in  the  water  bath  and  allow  to  remain  in  the  water 
bath  for  5  minutes.  Add  10  ml.  of  6  M  hydrochloric  acid,  mix  well,  and 
immediately  remove  by  pipette  10  ml.  of  the  hydrolysis  mixture.  Determine 
the  minimum  number  of  drops  of  2  M  sodium  hydroxide  solution  required  to 
impart  a  pink  color  to  phenolphthalein,  which  is  used  as  an  outside  indicator 
(2  to  3  drops  usually  suffice) .  At  five  minute  intervals  remove  10  ml.  aliquots 
and  add  the  same  quantity  of  sodium  hydroxide  solution  to  each.  Continue 
until  eight  samples  have  been  collected.  Allow  each  to  come  to  room  tempera¬ 
ture  and  obtain  the  polarimeter  reading  for  each  aliquot. 

Plot  the  results  and  calculate  the  rate  of  hydrolysis.  Also  plot  on  semi¬ 
log  paper. 

(a)  Why  is  the  hydrolysis  of  sucrose  called  inversion? 

( b )  Why  is  sodium  hydroxide  added  to  the  mixture  before  reading  in  the2 
polarimeter? 

(c)  Devise  another  method  to  carry  out  this  experiment. 

(d)  How  and  where  is  sucrose  hydrolyzed  in  the  body? 

Experiment  20.  Determine  polar imetrically  the  percentage  of  the  car¬ 
bohydrate  in  the  solution  given  you  by  your  instructor. 


Chapter  2 


Lipids 


The  lipids  may  be  separated  from  ^“ptio^of  the  uncom- 

solubilities  in  various  organic  so  ven  .  [  [j;,,,,  soaps  which 

isasasr  *-  - — 

hydrolytic  products. 

Experiment  1.  Bisect  an  egg  through  its  long  axis  by  a  sharp 
a  metal  spatula.  Holding  the  egg  over  a  400  ml.  beaker,  f^le  the  ‘wo 
halves  of  the  shell,  roll  the  contents  of  the  egg  from  one  shell  to  the  other, 
permitting  as  much  as  possible  of  the  egg  white  to  slip  down  into  the  beaker 
V  Save  the  egg  white,  add  one  drop  of  toluene  and  place  it  in  the  refrigerator 
for  use  under  proteins  (Chap.  3).  Stir  the  yolk  with  a  solution  of  50  ml. 
of  alcohol  and  25  ml.  of  ether.  Allow  to  stand  for  ten  minutes,  stirring  at 
intervals.  Filter  through  a  filter  paper  moistened  with  alcohol  into  a  dry 
beaker.  Wash  the  residue  in  the  filter  paper  with  a  fresh  20  ml.  portion  of  the 
alcohol-ether  solution  used  for  the  extraction.  (Beware  of  flames!) 

Evaporate  the  filtrate  to  dryness  on  a  steam  bath.  Dissolve  the  residue  in 
10  ml.  of  ether.  Slowly  pour  the  solution  into  30  ml.  of  acetone,  stirring 
during  the  addition.  The  precipitate  is  mainly  lecithin.  Filter. 

Without  too  much  delay,  convert  the  lecithin  to  the  cadmium  chloride 
addition  product  (Experiment  2).  (If  lecithin  remains  exposed  to  the  air  for 
any  length  of  time,  it  darkens.) 

Evaporate  the  ether-acetone  filtrate  (from  the  lecithin  precipitation)  to  a 
paste  on  the  steam  bath.  Cool.  Add  15  ml.  of  10  per  cent  alcohol  potassium 
hydroxide  solution.  Stir  well  and  heat  the  solution  for  thirty  minutes  on  the 
steam  bath.  Cool.  Add  50  ml.  of  ether.  Filter  the  precipitate  of  soap  (reserve 
for  tests  under  Experiments  6  to  8).  The  ethereal  filtrate  contains  cholesterol. 
Evaporate  to  dryness  on  the  steam  bath. 

Extract  the  cholesterol  by  warming  the  residue  with  5  ml.  of  alcohol  on 
the  steam  bath.  Transfer  the  warm  alcoholic  solution  to  a  dry  15  ml.  centrifuge 
tube  with  the  aid  of  a  medicine  dropper.  Repeat  the  extraction  with  3  ml. 
more  of  the  alcohol.  Centrifuge  the  alcoholic  solution  for  two  or  three  minutes 
to  precipitate  all  insoluble  debris.  (The  instructor  will  demonstrate  the 
proper  use  of  the  centrifuge.)  Transfer  the  supernatant  alcoholic  solution  to 
another  clean  dry  centrifuge  tube  with  the  aid  of  a  dry,  long  medicine  dropper. 
Add  water  to  the  solution,  dropwise,  until  no  more  precipitate  is  obtained 
(about  5  to  10  drops).  Let  stand  for  a  half  hour.  Centrifuge.  Decant  the  clear 
supernatant.  The  crystalline  residue  in  the  centrifuge  tube  can  be  recrystal- 
lized  in  the  tube  by  dissolving  in  the  minimum  of  hot  alcohol  and  allowing  to 
cool.  When  cool,  a  few  drops  of  water  will  complete  the  crystallization. 
Centrifuge  again  and  after  decanting  the  supernatant,  dry  the  crystals  in  a 
vacuum  desiccator.  About  50  to  75  mg.  of  cholesterol  can  be  obtained  from 
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one  yolk  by  this  method.  Examine  the  crystals  under  a  microscope  and  sketch 
a  few  of  them.  Perform  the  Liebermann-Burchard  test  on  a  few  crystals 
(Experiment  10). 

(а)  Write  the  formula  of  free  and  a  combined  cholesterol. 

(б)  How  would  you  distinguish  these  two  forms  of  cholesterol? 

(c)  Why  is  alcoholic  instead  of  aqueous  potassium  hydroxide  used  for 
the  saponification? 

Experiment  2.  Phospholipids.  Lecithins  and  cephalins  (as  well  as 
other  phospholipids)  yield  a  crystalline  addition  product  when  treated  with 
alcoholic  cadmium  chloride.  Upon  hydrolysis  of  lecithin  or  cephalin,  fatty 
acids,  glycerol,  phosphoric  acid  and  a  nitrogenous  base  are  obtained. 

Dissolve  the  phospholipids  (see  Experiment  1)  in  20  ml.  of  alcohol.  Add 
an  equal  volume  of  alcoholic  cadmium  chloride  solution.  Stir  and  allow  to 
stand  for  ten  minutes.  Filter  on  a  Buchner  funnel  and  dry  the  precipitate. 

Test  small  portions  of  the  dry  addition  product  for  glycerol  (see  Experi¬ 
ment  3),  and  phosphorus  (see  Experiment  12).  Place  the  remainder  in  a 
clean,  dry  vial;  label  it  and  submit  it  to  your  instructor. 

(a)  Lecithin  is  used  as  an  edible  emulsifying  agent  in  chocolate  bars. 
Why  is  it  so  effective  for  this  purpose? 

( b )  What  is  the  source  of  commercial  lecithin? 

(c)  What  happens  to  lecithin  on  exposure? 

Experiment  3.  Acrolein  Test  (for  Glycerol).  Rub  in  a  mortar  about 
0.1  gm.  of  dry  material  to  be  tested  with  an  equal  quantity  of  potassium 
bisulfate.  Transfer  to  a  dry  test  tube.  Heat  gently  at  first  and  then  more 
strongly.  Note  the  odor. 

(a)  Formulate  this  reaction. 

Experiment  4.  Foam  Test  (for  Soaps).  Add  a  few  ml.  of  water  to  ai 
small  sample  to  be  tested  and  shake  vigorously.  A  foam  or  suds,  which  should] 
remain  for  several  minutes,  forms. 

(a)  What  is  a  foam? 

( b )  Why  does  it  form? 

Experiment  5.  Saponification  Test  (for  Combined  Fatty  Acids).| 
Add  10  ml.  of  10  per  cent  alcoholic  potassium  hydroxide  to  the  sample  to  bel 
tested,  stir  and  heat  on  a  steam  bath  until  a  drop  of  the  solution  is  completely 
soluble  in  water.  Now  add  10  ml.  of  water  and  heat  on  the  steam  bath  untd  all  I 
the  alcohol  has  been  driven  off.  Perform  the  foam  test. 

(a)  What  substances  other  than  soaps  produce  a  foam? 

Experiment  6.  Precipitation  Test  (for  Soaps).  Add  concentrated! 
hydrochloric  acid  dropwise  to  a  cold  aqueous  solution  of  the  substance  to  be 
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tested  until  the  mixture  is  strongly  acid  to  Congo  red  paper.  Shake  well 
during  the  addition  of  the  acid.  Result . 

(a)  What  other  organic  compounds  give  this  reaction? 

Experiment  7.  Salting  Out  (for  Soaps).  To  5  ml.  of  the ^soap ^solution 
add  aP  little  solid  sodium  chloride.  Stir  until  the  salt  dissolves.  Repeat  this 
until  no  more  sodium  chloride  dissolves.  What  happens  to  the  soap. 

(a)  What  is  an  industrial  application  of  this  experiment? 

Experiment  8.  Insoluble  Soaps.  To  5  ml.  of  the  soap  solution  add 
2  ml  of  0.5  M  calcium  chloride.  Result?  To  another  5  ml.  portion  of  the  soap 
solution  add  2  ml.  of  0.5  M  lead  nitrate.  Result? 

(a)  What  is  hard  water? 


Experiment  9.  Salkowski  Test  for  Cholesterol.  (Neither  this  test 
nor  the  Liebermann-Burchard  test  [Exper.  10]  can  be  performed  successfully 
unless  the  glass  vessels,  reagents  and  the  substance  being  tested  are  dry.) 
Dissolve  a  few  milligrams  of  the  substance  to  be  tested  in  3  ml.  of  anhydrous 
chloroform  in  a  dry  test  tube.  Add  an  equal  volume  of  concentrated  sulfuric 
acid  (specific  gravity,  1.84)  and  shake  the  tube  gently.  Let  the  liquid  layers 
separate,  and  note  the  colors. 

(a)  Which  is  the  chloroform  layer?  What  is  its  color? 

( b )  Describe  the  color  of  the  sulfuric  acid  layer  in  reflected  light  and  in 
transmitted  light. 


Experiment  10.  Liebermann-Burchard  Test  for  Cholesterol.  Pre¬ 
pare  a  chloroform  solution  of  the  substance  to  be  tested  as  in  Experiment  9. 
Add  10  drops  of  acetic  anhydride  and  2  drops  of  concentrated  sulfuric  acid. 
Shake  gently  and  allow  to  stand  for  a  few  minutes. 

(a)  Describe  the  color  of  the  contents  of  the  tube. 

(6)  How  would  you  compare  the  sensitivity  of  these  two  tests  (Experi¬ 
ments  9  and  10)  for  cholesterol? 

(c)  What  features  of  this  reaction  make  it  useful  for  quantitative  measure¬ 
ment? 

Experiment  11.  Digitonin  Precipitation.  Dissolve  1  to  2  mg.  of 
cholesterol  in  2  ml.  of  alcohol.  Add  to  this  solution  2  ml.  1  per  cent  digitonin 
in  80  per  cent  alcohol-water  solution. 

(o)  What  is  the  precipitate? 

( b )  What  compounds  other  than  cholesterol  give  this  reaction? 

(c)  Would  a  cholesterol  ester  be  precipitated  by  digitonin? 

Experiment  12.  Test  for  Phosphorus.*  A.  Fusion.  (It  is  advisable 
to  wear  goggles  during  this  experiment.)  Support  a  clean,  dry,  4  by  %  inch 

lm'coUegePres,)!6  '°  QuaIilative  0rganic  Analysis.”  by  Davidson  and  Perlman  (Brook- 
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test  tube  of  soft  glass  in  an  asbestos  square  which  rests  on  an  iron  ring 
Introduce  a  3  mm.  cube  of  sodium  and  heat  the  tube  gently  until  a  dark  clouo 
oi  sodium  vapor  rises  about  1  cm.  Remove  the  flame  momentarily  and  imme; 
diately  drop  about  10  mg.  of  the  dry  substance  to  be  tested  to  the  bottorr 
of  the  test  tube.  Heat  the  tube  and  its  contents  a  little  more  strongly  and 
repeat  the  removal  of  the  flame  and  the  addition  of  the  substance  twice  more; 
.  mally  heat  strongly  to  complete  the  decomposition,  remove  the  burner  and 
immediately  raise  a  50  ml.  beaker  containing  10  ml.  of  water  until  the  watei 
is  in  contact  with  the  hot  tube  momentarily.  After  the  first  violent  reactioni 
repeat  the  contact  and  finally  break  off  the  bottom  of  the  test  tube  by  striking 
it  against  the  bottom  of  the  beaker.  (During  this  operation  the  mouth  of  the 
test  tube  should  point  upward  and  the  beaker  should  be  held  right  up  against 
the  asbestos  to  protect  the  experimenter  from  flying  glass  or  sodium.) 

Macerate  thoroughly  with  a  stirring  rod,  filter  through  a  fluted  filter  into 
a  large  test  tube,  cool  the  filtrate  and  use  it  for  the  following  test.  (A  success^ 
ful  fusion  is  indicated  by  the  presence  of  flakes  of  carbon  in  the  filter  paper 
and  a  clear,  colorless  filtrate.) 

B.  Phosphorus  Test.  The  odor  of  phosphine  during  the  preparation  oi 
the  stock  solution  indicates  the  presence  of  phosphorus.  To  confirm  it,  add 
into  a  6  by  ^4  inch  test  tube  1  ml.  of  the  solution  and  2  ml.  of  concentrated 
nitric  acid.  Boil  the  solution  down  to  one-half  of  its  volume  under  a  hood. 
Add  3  ml.  of  ammonium  molybdate  solution  and  warm  the  tube  to  60°C. 
Result? 

(a)  What  are  the  compounds  produced  by  the  sodium  fusion  of  a  com¬ 
pound  containing  nitrogen  and  phosphorus? 

( b )  What  lipids  contain  nitrogen  as  well  as  phosphorus? 

ANALYSIS  OF  FAT 

Experiment  13.  Saponification  Number.*  This  is  the  number  of 
milligrams  of  potassium  hydroxide  required  to  saponify  1  gm.  of  fat.  Using 
equal  weights,  a  fat  of  low  molecular  weight  will  require  more  potassium 
hydroxide  to  saponify  it  than  a  fat  of  high  molecular  weight. 

Procedure.  Weigh  5  gm.  of  the  fat  into  a  250  to  300  ml.  Erlenmeyen 
flask.  Measure  out  by  means  of  a  burette  50  ml.  of  the  alcoholic  potassium 
hydroxide  solution  into  the  flask. 

Connect  the  flask  with  an  air  condenser  and  boil  until  the  fat  is  completely' 
saponified  (about  thirty  minutes).  Cool  and  titrate  with  0.5  N  hydrochloric 
acid,  using  phenolphthalein  as  indicator.  (For  the  preparation  of  standard 
hydrochloric  acid,  see  page  147.) 

Perform  a  blank  determination. 

Subtract  the  number  of  milliliters  of  0.5  N  hydrochloric  acid  obtained  in 
the  determination  of  the  sample  from  the  number  obtained  in  the  blank  to 
obtain  the  number  of  milliliters  of  0.5  N  hydrochloric  acid  equivalent  to  the 
potassium  hydroxide  used  in  the  saponification  of  the  sample. 

♦Methods  of  Analysis,  A.O.A.C.  (1935),  p.  412;  Jacobs,  Chemical  Analysis  of  Foods 
and  Food  Products  (1938),  p.  218. 
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Calculate  as  saponification  number  the  milligrams  of  potassium  hydroxide 
required  to  saponify  1  gna.  of  fat. 

Alcoholic  Potassium  Hydroxide  Solution.  Reflux  1.2  liters  of  95 
per  cent  alcohol  for  thirty  minutes  in  a  3  liter  flask  with  10  gm.  of  potassium 
hydroxide  and  6  gm.  of  aluminum  foil.  Distil  and  collect  1  liter,  discarding 
the  first  50  ml.  Dissolve  40  gm.  of  potassium  hydroxide  in  this  liter  of  alcohol. 
Keep  the  solution  in  a  stoppered  bottle  in  the  dark. 

The  following  data  were  obtained  during  the  determination  of  the  saponifi¬ 
cation  number  of  a  sample  of  beef  tallow: 


Weight  of  change,  5.25  gm. 

Volume  of  potassium  hydroxide  solution,  50  ml. 

Volume  of  0.52  N  hydrochloric  acid  to  titrate  excess  potassium  hydroxide,  40  ml. 
Volume  of  0.52  N  hydrochloric  acid  to  titrate  blank,  95  ml. 

Calculate  the  saponification  number. 


Experiment  14.  Iodine  Number.*  Fats  contain  varying  amounts  of 
unsaturated  fatty  acids  which  absorb  iodine.  The  amount  of  iodine  absorbed 
is  a  measure  of  the  extent  of  unsaturation  of  the  fat.  The  result — the  “iodine 
number” — is  expressed  as  the  number  of  grams  of  iodine  absorbed  by  100 
gm.  of  fat. 

Two  general  methods  are  used:  the  Hanus  method,  which  uses  iodine 
bromide  as  a  carrier,  and  the  Wijs  method,  which  uses  iodine  chloride.  The 
Hanus  method  will  be  described. 

Procedure.  Weigh  0.25f  gm.  of  fat  into  a  500  ml.  glass-stoppered  flask. 
Dissolve  the  sample  in  10  ml.  of  chloroform.  Add  30  ml.  of  Hanus  iodine 
solution  and  let  stand  thirty  minutes  with  occasional  shaking. 

Add  10  ml.  of  15  per  cent  potassium  iodide  solution,  shake  thoroughly, 
and  add  100  ml.  of  freshly  boiled  and  cooled  water,  washing  down  any  free 
iodine  that  may  be  found  on  the  stopper.  Titrate  the  iodine  with  0.1  N 
sodium  thiosulfate  until  the  yellow  color  of  the  solution  has  almost  disap¬ 
peared.  Add  2  ml.  of  a  1  per  cent  starch  solution  (as  indicator)  and  continue 
he  titration  until  the  blue  color  has  disappeared. 

Towards  the  end  of  the  titration,  stopper  the  bottle  and  shake  vigorously, 
so  that  any  iodine  remaining  in  solution  in  the  chloroform  will  be  taken  up 
by  the  potassium  iodide  solution.  Complete  the  titration. 

Run  two  blank  determinations  on  an  equal  portion  of  the  Hanus  solution. 

The  number  of  milliliters  of  the  0.1  N  sodium  thiosulfate  solution  required 
by  the  blank,  less  the  quantity  used  in  the  determination,  gives  the  thiosulfate 
equivalent  of  the  iodine  absorbed  by  the  fat.  Calculate  the  grams  of  iodine 
absorbed  by  100  gm.  of  the  fat.  This  is  the  Hanus  iodine  number 
Reagents: 

Hanus  Iodine  Solution.  Dissolve  13.2  gm.  of  pure  iodine  in  1  liter  of 


Ud  <1935>’  P'  41°:  JaC°bs>  Chemical  of  Food. 

gm'  t0  '0  gm.,  depending  on  the  oil  or  fat:  0.1S  for  most  oils  0  25  for 
lard,  0.3  for  beef  or  mutton  tallow,  0.4  for  but.erfat,  1.0  for  cocoanu.  oU 
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glacial  acetic  acid  (99.5  per  cent).  Add  enough  bromine  to  double  the 
halogen  content  (about  3  ml.). 

0.1  N  Sodium  Thiosulfate  Solution.  Prepare  a  solution  containing 
24.82  gm.  of  sodium  thiosulfate  (Na2S203.5H20)  in  freshly  boiled  and  cooleo 
water  and  dilute  to  1  liter.  Standardize  this  solution  as  follows:  Place  in  e 
glass-stoppered  flask  20  ml.  of  the  0.1  N  potassium  dichromate,  and  10  ml.  oj 
the  15  per  cent  potassium  iodide  solution.  Add  5  ml.  of  hydrochloric  acid 
Dilute  with  100  ml.  of  freshly  boiled  and  cooled  water  and  allow  the  0.1  A 
sodium  thiosulfate  to  flow  slowly  into  the  flask  until  the  yellow  color  of  the 
liquid  has  almost  disappeared.  Add  a  few  drops  of  starch  indicator  and,  witl 
constant  shaking,  continue  to  add  0.1  A  sodium  thiosulfate  until  the  blue  coloi 
just  disappears. 

0.1  N  Potassium  Dichromate.  Dissolve  4.903  gm.  of  potassium; 
dichromate  in  water  and  dilute  to  1  liter. 

(a)  The  following  data  were  obtained  during  the  determination  of  the 
iodine  number  of  a  sample  of  beef  tallow: 

Weight  of  charge,  0.31  gm. 

Volume  of  0.1  N  thiosulfate  needed  to  titrate  blank  determination,  62.5  ml. 

Volume  of  0.1  N  thiosulfate  needed  to  titrate  determination,  48  ml. 

What  is  the  iodine  number  of  the  tallow? 


Experiment  15.  Chromatographic  Analysis.*  Chromatographic  anal 
ysis  offers  an  excellent  technic  for  the  separation  of  mixtures  of  biologica. 
compounds  closely  related  in  chemical  structure. 

The  separation  depends  on  the  fat  that  compounds  with  but  slight  differ¬ 
ences  in  structure  will  be  selectively  adsorbed  to  different  degrees  when 
various  adsorbents  are  used. 

It  is  of  interest  to  note  that  the  natural  vitamin  D,  which  occurs  in  fish 
liver  oils,  has  been  isolated  by  this  method,  the  compound  having  been  first 
converted  into  its  3,5-dinitrobenzoate,  so  that  its  yellow  color  could  be  usee 
as  a  visual  aid  in  following  its  course  down  a  column  of  activated  aluminum 

oxide. 

Procedure.  Immerse  3  or  4  fresh,  crushed  spinach  leaves  in  a  mixture 
of  45  ml.  of  petroleum  ether  (B.P.  70°C.),  5  ml.  of  benzene  and  15  ml.  oi 
methanol. 

Allow  to  stand  for  one  hour.  Remove  the  residue,  filtering  by  suction,  ana 

wash  with  some  of  the  solvent  mixture. 

Transfer  the  extract  to  a  separatory  funnel  and  wash  out  the  methano 
with  water  without  shaking  vigorously.  Dry  the  extract  over  anhydrous 

sodium  sulfate.  . 

For  the  adsorption,  use  a  tube  18  cm.  long  and  1  cm.  in  diameter  having 

a  constriction  near  the  lower  end  (Fig.  4).f 


*  Tswett  Ber.,  24,  234,  361,  384  (1906) ;  Winterstein  and  Stein,  Z.  Physiol.  Cherru, 
220,  247  (1933);  Cook,  /.  Soc.  Chem.  lnd.,  55,  724  (1936);  Gatterman  and  Wieland. 

Laboratory  Methods  of  Organic  Chemistry  { 1937),  p.  410.  . 

t  Columns  fitted  with  a  ground  glass  plate  and  interchangeable  joints  are  excellen 

for  this  purpose. 
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Fit  a  cotton  plug  into  the  constricted  portion  of  the  tube  using  a  glass  rod 
H  Po^ur  alumi^i^'^xid^tnw'the^tube^^mU  portions  at  a  time,  tamping  down 

(dried  at  fSOC, 

1  Covehr8with  a  layer  of  finely  powdered  sugar  (“icing  sugar”)  6  cm.  in 
length. 

Cover  the  sugar  layer  with  some  cotton.  .  .  ,  .  .  .  . 

Run  in  petroleum  ether  (B.P.  70°C.)  from  a  dropping  funnel,  maintaining 


Sugar 
CaCOj 
A1  z  O3 


TT 


F  r 


ft 


•cotton  plug 
•Chlorophyll  b 

-Chlorophyll  a 

-X  anthophyll 

•Carotene 
•cotton  plug 


Fig.  4. — Apparatus  for  chromatographic  analysis. 


a  gentle  suction*  so  that  the  filtrate  comes  through  at  the  rate  of  1  to  2 
drops  per  second. 

Follow  the  petroleum  ether  with  the  green  extract. 

When  all  of  the  extract  has  been  added,  develop  the  colored  zones  by 
adding  a  4:1  mixture  of  petroleum  ether  and  benzene. 

Finally  wash  with  petroleum  ether  (B.P.  30°-50°C.)  to  check  any  extension 
of  the  zones. 

Suck  the  column  dry  in  a  stream  of  carbon  dioxide  or  nitrogen  gas. 

Cut  the  column  between  the  colored  zones  and  dissolve  the  pigments  with 
ethyl  ether  containing  a  little  methanol. 

If  a  spectroscope  is  available,  examine  the  absorption  spectrum  of  each 
colored  extract. 

How  could  this  method  be  used  to  separate  colorless  mixtures? 

*  It  is  important  to  keep  the  adsorbent  constantly  covered  with  solvent  to  at  least  1  cm. 
above  the  top  layer. 


Chavter  3  Saroicins 


Prepare  a  dilute  egg  albumin  solution  (1:10)  from  the  egg  white  savec 
from  the  previous  experiment  on  lipids  (see  p.  11)  by  stirring  vigorously 
one  volume  of  egg  white  with  five  volumes  of  water.  Filter  through  a  flutec 
filter  paper  and  use  this  solution  for  the  tests  which  follow. 

IDENTIFICATION  TESTS 

A  number  of  qualitative  color  reactions  have  been  devised  which  are  usefm 
for  the  detection  of  proteins.  Owing  to  the  complexity  of  the  protein  molecuh 
and  the  difficulty  of ‘obtaining  a  single,  pure  protein  compound,  these  tests  are 
to  be  used  with  the  knowledge  that  they  test  for  specific  chemical  grouping* 
in  the  protein  molecule,  or  more  generally  for  groupings  which  most  protein* 
contain.  Thus  Millon’s  reagent  gives  a  characteristic  color  with  the  hydroxy 
phenyl  group;  and  a  positive  reaction  is  given  only  by  those  proteins  which 
contain  tyrosine.  Ninhydrin,  however,  gives  a  positive  test  with  any  substance 
having  an  alpha-amino  group,  and  a  positive  biuret  test  depends  on  the 
peptide  bond.  Since  no  one  test  is  absolutely  specific  for  proteins,  it  is  neces 
sary  to  apply  several  tests. 

Perform  experiments  1-5  on  each  of  the  following  solutions:  (a)  dilutee 
egg  albumin  solution;  ( b )  gelatin  solution  (2  per  cent) ;  (c)  water  (control) 

Experiment  1.  Millon  Test.  Add  5  drops  of  Millon’s  reagent  to  3  ml 
of  the  protein  solution.  Carefully  heat  the  mixture.  (If  too  much  reagent  is 
used,  the  color  may  disappear  on  boiling.) 

(a)  What  happens  when  a  mercury  salt  is  added  to  proteins? 

( b )  What  constitutes  a  positive  reaction? 

(c)  Why  does  the  albumin  solution  coagulate? 

(d)  Why  cannot  the  reaction  be  performed  in  a  strongly  alkaline  medium: 

(e)  What  type  of  aromatic  substance  gives  this  test? 

(/)  Which  of  the  protein  solutions  gives  a  weak  or  negative  test?  Why: 

(g)  How  would  you  adapt  this  reaction  for  a  quantitative  determination : 

Experiment  2.  Xanthoproteic  Test.  Add,  slowly,  1  ml.  of  concen 
trated  nitric  acid  to  3  ml.  of  the  protein  solution.  Heat  gently.  Cool  the  solu 
tion  under  the  tap,  and  add,  cautiously,  drop  by  drop,  concentrated  sodium 
hydroxide  (or  concentrated  ammonium  hydroxide).  What  happens  when  the 
alkali  comes  in  contact  with  the  liquid?  Continue  the  addition  of  the  sodium: 
hydroxide  until  the  solution  is  alkaline. 

(а)  What  happens  when  a  strong  acid  is  added  to  a  protein  solution?  .  ^ 

(б)  What  change  is  produced  when  the  protein  is  heated  with  nitric  acid: 

(c)  What  is  the  effect  of  the  added  alkali? 
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(d) 

(e) 

test? 


Why  does  nitric  acid  stain  the  skin  a  yellow  color? 
What  aromatic  groups  of  the  protein  molecule  are  res 


ponsible  for  the 


Experiment  3.  Hopkins-Cole  Test.  Add  2  ml.  of  the  reagent  to  2  ml. 
of  the  protein  solution.  Mix.  Incline  the  tube  and  add,  slowly,  D  ml.  of  con¬ 
centrated  sulfuric  acid  down  the  side  of  the  tube.  Note  the  color  formed 
the  junction  of  the  two  liquids.  If  necessary,  gently  rotate  the  tube  to  develop 

the  colored  ring. 


(а)  Write  the  formula  for  glyoxylic  acid. 

(б)  What  constituent  in  the  protein  molecule  is  responsible  for  the  test. 
(c)  What  protein  fails  to  give  this  test?  Why? 


Experiment  4.  Biuret  Test.  Add  1  ml.  of  concentrated  sodium  hydrox¬ 
ide  to  3  ml.  of  the  protein  solution  and  mix.  Add  a  drop  of  0.01  M  copper 
sulfate.  Mix.  If  no  decided  color  develops,  add  another  drop  or  two  of  copper 
sulfate. 

(a)  What  color  is  developed? 

(b)  Why  is  an  excess  of  copper  sulfate  to  be  avoided? 

(c)  Why  do  ammonium  salts  interfere? 

( d )  What  grouping  in  the  protein  molecule  is  responsible  for  this  test? 

(e)  Name  two  substances  other  than  proteins  which  give  a  positive  biuret 
test. 


Experiment  5.  Ninhydrin  Test.  Add  0.5  ml.  of  a  0.1  per  cent  solution 
of  triketohydrindene  hydrate  (ninhydrin)  to  3  ml.  of  the  protein  solution. 
Heat  to  boiling. 

(a)  What  color  is  developed? 

(b)  What  is  the  formula  for  ninhydrin? 

(c)  What  grouping  gives  a  positive  test? 

(d)  How  could  this  test  be  adapted  for  the  quantitative  determination  of 
amino  acids? 

Devise  such  a  determination. 


Experiment  6.  Cystine.  Dissolve  a  little  cystine  in  5  ml.  of  1  A  NaOH. 
Add  a  few  crystals  of  lead  acetate.  Heat  to  boiling. 

(a)  What  is  the  color  of  the  precipitate? 

( b )  What  is  the  precipitate? 


,fXP,enment  7-  CyStei“e:  Dissolve  a  few  crystals  of  cysteine  hydro- 

chlonde  in  5  ml  water.  Add  0.5  ml.  of  a  fresh  solution  of  1  per  cent  sodium 
nitroprusside.  Add  0.5  ml.  ammonium  hydroxide. 


(a)  What  is  the  color? 

\bl  }Vhfl  grouping  in  cysteine  is  responsible  for  the  test’ 

(c)  Is  the  color  stable? 
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(d)  Will  cystine  give  a  positive  test? 

(e)  What  important  peptide  of  cysteine  will  give  a  positive  nitropmssid 
test? 


Experiment  8.  Conversion  of  Cystine  to  Cysteine.  Dissolve  som 
cystine  in  0.5  N  HC1  in  a  test  tube.  Add  a  pinch  of  zinc  dust  and  allow  th 
reaction  to  proceed  for  5  minutes,  warming  gently  if  necessary.  Filter  am 
apply  the  nitroprusside  test  as  in  Experiment  7. 


Experiment  9.  Conversion  of  Cysteine  to  Cystine.  Dissolve  som 
cysteine  hydrochloride  in  5  ml.  water.  Add  a  few  drops  of  ferrous  sulfat 
solution.  Observe  any  color  change.  Add  more  of  the  ferrous  sulfate  sole 
tion  until  no  further  change  takes  place.  Test  the  resulting  solution  witi 
nitroprusside  (Experiment  7). 


(a)  Write  the  reactions  which  take  place  in  8  and  9. 

( b )  Of  what  significance  is  the  ability  of  ferrous  salts  to  oxidize  th 
sulfhydryl  groups  of  cysteine? 


Experiment  10.  Filter  Paper  Chromatography.*  The  separation  a 
compounds  in  solution  by  differential  adsorption  has  a  long  history.  Th 
use  of  filter  paper  instead  of  a  column  packed  with  adsorbent  (p.  17)  wa 
made  most  popular  by  the  work  of  Martin,  Consden,  Gordon  and  Synge  (se 
for  example,  Consden  et  al.,  Biochem.  J.  38,  224,  1944).  A  mixture  of  sub 
stances  in  solution  is  applied  as  a  drop  near  one  end  of  a  filter  paper  strip 
The  drop  is  dried  and  that  end  dipped  into  a  solvent  mixture.  The  pape 
strip  may  be  hung  for  descending  solvent  flow  or  dipped  into  the  solvent  fo 
ascending  solvent  flow.  As  the  solvent  mixture  flows  by  the  mixture  o 
solutes,  they  dissolve  and  are  carried  along  by  the  solvent  at  different  rates 
The  extent  of  movement  depends  on  the  type  of  filter  paper  used  and  th 
nature  of  the  solvents.  The  factors  which  affect  the  separation  are  usual! 
a  combination  of  partition,  adsorption  and  ion-exchange.  The  following 
experiment  is  designed  to  introduce  the  student  to  the  technique  in  it 
simplest  form  and  has  the  advantage  of  being  completed  in  a  single  laborator 

period. 

(а)  Prepare  5  strips  of  Whatman  No.  1  filter  paper  having  the  dimen 
sions  13.5  X  1-B0  X  1-00  cm.  (Fig.  5).  Test  the  fit  of  these  papers  in  the  tee 

tubes  to  be  used. 

(б)  Lightly  pencil  a  circle  1.5  mm.  in  diameter  about  6  mm.  from  th 
narrow  end  of  each  paper.  Fill  a  capillary  pipette  with  a  small  volume  of  th 
appropriate  solution  so  as  to  contain  approximately  20  micrograms  of  th 
amino  acid.  Quickly  and  gently  touch  the  end  of  the  pipette  to  the  cente 
of  the  circle.  The  wet  area  should  not  spread  beyond  the  circle.  Dry  betwee 
applications  if  it  is  necessary  to  apply  more.  Finally  dry  all  spots.  Prepar 

the  following: 


Tube  No.  1 — isoleucine 
Tube  No.  2— threonine 


Rockland,  L.  B.,  and  Dunn,  M.  S.  Science,  109 ,  539,  1949. 
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Tube  No.  3— aspartic  acid 

Tube  No.  4 — mixture  of  1,  2  and  3  . 

Tube  No.  5 — unknown  amino  acid  (one  of  the  above ) 

( c )  Pipette  0.4  ml.  of  water-saturated  phenol  into  the  bottom  of  each 

est  tube.  .  .  .  .  .  i 

(d)  Place  each  paper  strip,  narrow  end  down,  into  its  appropriate  tube. 

Dnly  the  top  portion  of  the  paper  should  touch  the  sides  of  the  test  tube. 


O 


& 


o 


Solvent  front 


A 


'NinHydrin  ejpot-jj; 


B 


•Start 


i 


Fig.  5. 

ilie  bottom  should  dip  into  the  solvent  mixture.  Stopper  and  allow  to  stand 

or  2  to  3  hours  until  the  solvent  front  has  traveled  to  about  5  mm.  below 
he  top  of  the  paper. 

<e>  R7°ve  each  paper  and  mark  the  position  of  the  solvent  front.  Dry 
t  110  for  3  minutes  and  gently  spray  with  a  0.25  per  cent  solution  of 
unhydrin  in  water-saturated  butanol.  Dry  at  110°  and  circle  the  colored 

MU  Lot 

(/)  In  each  case  measure  the  distance  traveled  by  the  solvent  front  fAl 
nd  the  distance  traveled  by  the  amino  acid  (B).  Calculate  the  R(  vake  for 

ach  amino  acid;  Rf  =  — 

A 
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( g )  Identify  the  unknown.  Suggest  modifications.  Could  this  method  t 
used  for  a  mixture  of  many  amino  acids? 

Table  1 


Rr  (3  hrs.;  123  mm. 


Amino  acid  at  23° ) 


Alanine .  0.62 

Arginine  HC1 .  0.53 

Aspartic  acid  .  0.25 

Glutamic  acid .  0.39 

Glycine  .  0.49 

Histidine  HC1  .  0.81 

Isoleucine  .  0.85 

Leucine  .  0.86 

Lysine  HC1 .  0.41 

Methionine .  0.74 

Phenylalanine .  0.87 

Proline  .  0.87 

Serine  .  0.33 

Threonine .  0.57 

Tryptophan  .  0.81 

Tyrosine  . 0.53 

Valine .  0.82 


PROPERTIES  OF  PROTEINS 

Insoluble  salts  may  be  formed  when  heavy  metal  ions  or  the  alkaloid 
reagents  are  added  to  proteins  in  solution.  Very  soluble  salts  may  compe 
for  water  with  the  proteins  and  so  precipitate  them.  If  the  solution  is  sat 
rated  with  ammonium  sulfate,  all  proteins  and  breakdown  products  to  tl 
peptone  stage  will  be  precipitated.  By  varying  the  extent  of  saturation  wi: 
these  salts,  albumins  may  be  separated  from  globulins. 

A  more  recent  method  of  precipitating  and  separating  proteins  has  bee 
applied  extensively  to  the  fractionation  of  the  serum  proteins  by  E.  J.  Col 
and  his  group  at  Harvard  University.  This  method  makes  use  of  the  fact  thi 
precipitation  of  a  protein  from  solution  by  alcohol  at  very  low  temperatur 
(—5  to  0°C.)  will  avoid  denaturation.  The  conditions  which  may  be  varw 
are  ( a )  ionic  strength,  or  concentration  of  electrolyte,  (6)  pH,  (c)  alcohi 
concentration  and  ( d )  concentration  of  the  protein. 

Experiment  11.  Precipitation  by  Metallic  Salts.  To  3  ml.  of  the  pn 
tein  solution  add  5  drops  of  0.2  M  mercuric  chloride.  Repeat,  using  0.2 
lead  acetate  instead  of  the  mercury  salt.  Results?  Explain. 

Why  is  egg  white  used  as  an  antidote  for  lead  and  mercury  poisoning . 

Experiment  12.  Precipitation  by  Alkaloidal  Reagents.  Place  3  n 
of  protein  solution  in  each  of  three  test  tubes.  To  one  add  5  drops  of  sati 
rated  picric  acid  solution.  To  another  add  10  per  cent  tamue  acid  solutio 
To  the  third,  acidified  with  0.1  M  hydrochloric  acid,  add  phosphotungs 

acid  reagent.  Results? 

What  are  the  alkaloidal  reagents? 
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Experiment  13.  Heller  Test.  Place  3  ml.  of  concentrated  nitric  acid 
n  a  test  tube,  incline  it,  and,  using  a  pipette,  add  slowly  down  the  side  of  the 
ube  an  equal  volume  of  protein  solution. 


(a)  Explain  the  result.  . 

(b)  What  practical  application  does  this  test  hna. 

(c)  Compare  with  the  xanthoproteic  test. 


Experiment  14.  Salting  Out.  Saturate  10  ml.  of  the  protein  solution 
vith  ammonium  sulfate.  To  do  this,  first  add  a  small  quantity  of  the  salt  stir 
intil  it  goes  into  solution,  then  add  a  little  more  ammonium  sulfate,  and  stir 
igain;  a&nd  continue  the  process  until  a  little  of  the  salt  remains  undissolved. 
iVhen  the  solution  is  saturated,  filter.  Test  the  solubility  of  the  precipitate  in 
vater.  Test  the  precipitate  with  Millon’s  reagent  and  the  filtrate  by  the  biuret 
est.  (Recall  the  effect  of  ammonium  salts  in  testing  with  biuret  reagent.) 


(а)  Explain  the  result. 

(б)  What  proteins  are  precipitated  by  saturating  their  solution  with 
immonium  sulfate;  with  50  per  cent  ammonium  sulfate? 

Experiment  15.  Coagulation  Test.  Add  2  drops  of  M  acetic  acid  to 
j  ml.  of  the  protein  solution.  Put  the  tube  in  a  boiling  water  bath  for  five 
ninutes.  Collect  the  precipitate  on  a  stirring  rod.  Test  the  solubility  of  the 
>recipitate  in  water.  Test  some  of  it  with  Millon’s  reagent. 

(а)  Why  is  the  acid  added? 

(б)  What  proteins  coagulate  on  boiling? 


Experiment  16.  Denaturation  and  Coagulation.  Make  up  the  follow- 
ng  three  mixtures  in  test  tubes : 


Test  Tube 

1 

2 

3 

gg  albumin . 

9  ml. 

1  ml. 

9  ml. 

9  ml. 

1  ml. 

acetate  buffer,  pH  4.7  ( 1  M ) . 

1C1  (0.1  M) . 

JaOH  (0.1  M) . 

1  ml. 

— 

lace  all  thiee  tubes  in  a  boiling  water  bath  for  fifteen  minutes  and  cool  to 
oom  temperature.  In  which  tubes  do  precipitates  appear?  To  tubes  (1)  and 
2)  add  10  ml.  of  acetate  buffer,  pH  4.7.  Note  the  result. 


(а)  What  physical  property  of  proteins  influences  the  solubility  of  the 
»rotein  in  this  experiment? 

(б)  What  other  methods  may  be  used  to  denature  proteins’ 

lbumin?  81  ChemiCa‘  Change  ‘S  associated  the  denaturation  of  egg 


Experiment  17.  Precipitation  of  Proteins  by  Alcohol, 
ollowing  three  test  tubes: 


Set  up  the 
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Test  Tube 

1 

2 

3 

Dilute  egg  albumin . 

5  ml. 

1  ml. 

5  ml. 

5  ml. 

0.1  At  HC1 . 

0.1  At  NaOH . 

1  ml. 

Acetate  buffer,  pH  4.7 . 

1  ml. 

6  ml. 

Ethyl  alcohol,  95  per  cent . 

6  ml. 

6  ml. 

Which  tubes  show  the  presence  of  insoluble  proteins?  Is  the  egg  album! 
soluble  in  water  at  its  isoelectric  point? 


Experiment  18.  Test  for  Nitrogen.  A.  Fusion.  See  p.  13  for  tl 
preparation  of  the  solution  resulting  from  the  sodium  fusion. 

B.  Nitrogen  Test.  Stir  0.25  gm.  of  ferrous  sulfate  with  0.5  ml.  « 
water  in  a  4  by  %  inch  test  tube.  Add  1  ml.  of  the  solution  prepared  in  (A 
mix  well,  then  add  1  ml.  of  2  M  sodium  hydroxide,  mix  again,  and  then  ad 
concentrated  hydrochloric  acid  dropwise  until  the  precipitated  ferroi 
hydroxide  redissolves.  If  there  is  nitrogen  in  the  substance  being  teste* 
prussian  blue  appears  as  a  dark  blue  precipitate  or  a  green  suspension. 

(a)  What  are  the  compounds  produced  by  the  sodium  fusion  of  a  con 
pound  containing  nitrogen? 


Experiment  19.  Test  for  Sulfur.  Mix  0.5  gm.  of  dry  egg  albumin  wit 
twice  its  weight  of  fusion  mixture  (see  Appendix).  Heat  in  a  porcelain  dis 
or  crucible  until  clear.  Cool  and  dissolve  in  warm  water.  Filter  if  necessar 
Acidify  the  filtrate  with  HC1,  heat  to  boiling  and  add  a  few  drops  of  BaC 
solution. 

(a)  Why  do  proteins  give  a  positive  test  for  sulfur? 

(b)  In  what  form  is  phosphorus  often  found  in  proteins? 

(c)  What  common  elements  are  present  in  proteins  which  are  absent  i 
fats  and  carbohydrates? 


Experiment  20.  Dialysis.  See  p.  52  under  Milk. 


Experiment  21.  Donnan  Membrane  Equilibrium.  To  2  gm.  of  gel 
tin  add  100  ml.  of  hot  water  (90°C.)  and  stir  until  a  homogeneous  solutio 
is  obtained.  Cool  to  room  temperature  and  add  5  ml.  of  0.04  per  cent  bron 
phenol  blue  solution.  Place  100  ml.  of  water  in  a  400  ml.  beaker  and  add  2- 
ml.  of  the  indicator.  Add  0.01  M  hydrochloric  acid  to  the  water,  drop  L 
drop,  until  the  solution  just  turns  a  definite  yellow.  Now  add  a  drop  or  tw 
of  0.01  M  sodium  hydroxide  so  that  the  yellow  solution  just  changes  to  tb 
light  reddish-purple  or  pale  blue  color  (pH  4.6).  (The  dye  is  dichromatic 
reddish-purple  by  reflected  light  and  blue  by  transmitted  light.) 

Usino-  0.1  M  hydrochloric  acid  and  sodium  hydroxide,  treat  the  gelati 
solution  in  the  same  manner,  so  that  its  color  is  as  close  as  it  is  possib  e  I 
get  it  to  the  color  of  the  water.  Pour  the  gelatin  solution  into  a  dialyzing  bag. 


*  An  excellent  substitute  for  collodion  membranes  may  be  obtained  from  the  Viskir 
'"nrnnration  Chicago  Illinois.  The  membrane  is  made  wet  with  water,  blown  ope 
md  one  end  knotted ’on  itself  or  tied  with  a  string.  The  tube  is  filled  with  water  an 
Dressed  to  detect  any  leaks.  The  solution  to  be  dialysed  is  poured  into  the  emptied  br 

md  another  knot  tied. 
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c  ,  ,,  ,  •  .U.  beaker  of  water  which  has  a  hydrogen  ion  con¬ 

centration  equal  to  that  of  the  gelatin  solution.  Allow  to  stand  for  three  hours. 
Observe  the  color  of  the  solutions  inside  and  outside  the  sac. 

(а)  Are  the  diffusible  ions  equally  distributed  on  the  two  sides  of  the 

membrane  at  the  end  of  the  experiment?  Explain. 

(б)  Was  the  pH  the  same  in  the  two  solutions  at  the  beginnin0 

experiment?  Explain.  .  .  , 

(c)  Were  equal  quantities  of  acid  and  alkali  needed  to  obtain  the  same 

color  in  the  gelatin  solution  as  in  the  water?  Explain. 

(d)  Was  there  any  diffusion  of  the  gelatin?  Test. 


Experiment  22.  Buffers.  Prepare  the  following  three  solutions: 

(a)  10  ml.  water. 

( b )  10  ml.  phosphate  buffer,  pH  7.0. 

(c)  10  ml.  albumin  solution  (egg  white  diluted  5  times  with  water). 

To  each  add  2  drops  phenolphthalein  solution.  Add  drop  by  drop  N/10 
NaOH  to  each  until  a  permanent  pink  color  is  obtained.  Compare  the  amounts 
of  alkali  needed  in  each  case. 

Add  4  drops  of  methyl  red  to  each  tube  and  titrate  with  N/10  HC1  until 
a  definite  red  color  is  produced.  Explain  the  results. 


PREPARATIONS 

Experiment  23.  Preparation  of  Casein.  See  p.  52. 


Experiment  24.  Preparation  of  Cystine.*  The  basis  for  the  isolation 
of  cystine  is  its  great  insolubility  at  its  isoelectric  point. 

Soak  100  gm.  of  hairf  in  100  ml.  of  5  per  cent  soap  solutiont  for  fifteen 
minutes.  Stir  from  time  to  time.  Decant  the  liquid. 

Wash  twice  with  100  ml.  of  water.  Discard  the  rinsings. 

Place  200  ml.  of  1:1  hydrochloric  acid  in  a  500  ml.  Florence  flask  and  then 
add  about  10  gm.  of  the  hair  and  begin  digesting  on  the  steam  bath.  From 
time  to  time,  as  the  digestion  proceeds,  add  more  of  the  hair  until  the  total 
amount  has  been  added.  The  time  required  should  be  about  four  hours. 

When  most  of  the  hair  is  in  solution,  reflux  on  a  sand  bath  until  a  5  ml. 
sample,  decolorized  with  norite,  gives  a  negative  biuret  test  (compare  with  a 
control).  The  refluxing  should  take  about  nine  hours. 


Biol.  Chem.,  112,  39 


Folin,  /.  Biol.  Chem.,  8,  9  (1910)  ;  Toennis  and  Bennett,  J. 

(1935)  ;  Gortner  and  Hoffman,  Organic  Syntheses,  1,  188  (1932). 
t  Crude  sheep’s  wool  also  may  be  employed,  but  the  yield  is  not  as  high  (about  2  ner 

srai  *“  . . . . r.ir.ii; 
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Filter  the  hot  mixture  and  wash  the  insoluble  residue  twice  with  small 
portions  of  water.  To  the  combined  filtrate  add  14  ml.  of  40  per  cent  sodium 
hydroxide  solution.  Stir  during  the  addition.  Cool  the  mixture  and  add  a 
saturated  solution  of  sodium  acetate  containing  168  gm.  of  the  salt.  (A 
Congo  red  test  for  mineral  acid  should  be  entirely  negative.)  Let  it  stand  fon 
three  days  at  room  temperature. 

Filter  the  precipitated  cystine  with  suction.  Dissolve  the  crude  material  in 
150  ml.  of  M  hydrochloric  acid.  Filter,  and  decolorize  the  filtrate  by  two  to 
five  treatments  with  1  to  1.5  gm.  portions  of  acid-washed  norite.  Finally  filter: 
by  gravity  to  remove  traces  of  solid  impurities. 

To  the  clear,  almost  colorless  solution,  add  a  filtered,  saturated  solution 
of  sodium  acetate  (see  above),  until  the  Congo  red  reaction  is  negative.  After 
it  has  stood  five  to  six  hours  filter  the  cystine  which  crystallizes  out,  and 
wash  twice  with  25  to  50  ml.  portions  of  hot  water. 

Allow  the  crystals  to  dry  in  air.  Weigh.  (The  yield  should  be  about  5  gm. 
of  colorless,  hexagonal  plates  of  cystine.) 

Tests.  1.  Place  a  few  milligrams  of  cystine  on  a  microscope  slides 

cover  with  a  drop  of  concentrated  ammonium  hydroxide,  allow  the 
ammonium  hydroxide  to  evaporate,  and  examine  the  residue  under  the 
microscope.  Compare  with  the  original  preparation. 

2.  Dissolve  a  few  milligrams  of  cystine  in  1  ml.  of  saturated  sodium 
hydroxide.  Add  2  drops  of  0.2  M  lead  acetate  and  boil  for  one  minute^ 
Result? 

3.  Place  a  few  milligrams  of  cystine  in  a  small  test  tube,  and  add  2  ml.  of 
water  and  about  0.25  gm.  of  sodium  cyanide.  (Beware!)  Shake  and  add  2 
drops  of  0.1  M  sodium  nitroprusside.  Result? 

Experiment  25.  Preparation  of  Tyrosine.*  Tyrosine  may  be  prepared 
by  acid  hydrolysis  or  by  tryptic  degradation  of  a  protein.  Pancreatin,  which 
is  a  commercial  preparation,  contains  trypsin  together  .with  other  peptidases 
needed  to  split  native  protein  to  amino  acids.  Since  tyrosine  is  one  of  the 
few  insoluble  amino  acids  (others  being  cystine  and  leucine),  it  may  be 
conveniently  isolated  from  solution  by  adjusting  to  the  proper  pH. 

Place  60  gm.  of  commercial  casein  in  a  liter  glass-stoppered  bottle  and 
cover  with  320  ml.  of  tap  water  warmed  to  38° C.  Shake  the  bottle  until  the 


casein  is  moistened. 

Add  a  solution  of  6  gm.  of  anhydrous  sodium  carbonate  and  O.o  gm.  ol 

sodium  fluoridef  in  100  ml.  of  water  warmed  to  38°  C. 

Add  a  thin  paste  of  2  gm.  of  commercial  pancreatin  in  10  ml.  of  watei  a 
38° C.  Cover  the  mixture  with  a  layer  of  10  ml.  of  toluene,  dilute  to  600  m  .- 

stopper,  shake  thoroughly,  and  incubate  at  38°C.  ...  , 

After  four  or  five  days,  with  daily  shakings,  most  of  the  casein  is  in  solu-f 

lion,  and  chalky  masses  of  tyrosine  begin  to  separate.  Add  a  second  portion 

of  2  gm.  of  pancreatin  in  10  ml.  of  water.  .  ,  ,  .i  _ 

After  twelve  days  cool  the  bottle  in  the  icebox  overnight  and  filter  the 
suspension  on  a  Buchner  funnel,  using  several  changes  of  filter  paper. 


*  Organic  Synthesis,  10,  100  (1930). 
t  The  sodium  fluoride  inhibits  the  action  of  oxidases 
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Suspend  the  precipitate  in  32  ml.  of  water  add  8  ml.  of  concentra 
hydrochloric  acid,  and  boil  the  mixture  gently  for  thirty  minutes 

Decolorize  with  1  gm.  of  norite  and  filter  hot.  Allow  the  filtrat  • 

Add  a  slight  excess  of  concentrated  ammonia  (Caution!)  and  allow  to 

stand  overnight  in  the  icebox.  ,  . 

Filter  the  crystalline  product  and  wash  with  two  10  ml.  portions  of  ic 

Wetter# 

To  recrystallize,  suspend  in  40  ml.  of  water,  and  dissolve  by  adding  0.8  gm. 
of  sodium  hydroxide  in  2  to  3  ml.  of  water.  Add  0.2  gm.  of  norite,  and  filter. 
The  residue  is  washed  on  the  funnel  with  2  or  3  ml.  of  hot  water.  Heat  the 
filtrate  to  boiling  and  treat  with  1.3  ml.  of  concentrated  hydrochloric  acid. 
Acidify  to  litmus  with  acetic  acid  and  allow  to  stand  overnight  in  the  icebox. 
Filter  the  crystalline  tyrosine  and  wash  with  15  ml.  of  ice-cold  water. 
Examine  the  crystals  under  the  microscope. 

Perform  the  Millon  test  on  a  few  crystals. 


(a)  Write  the  formula  of  tyrosine. 

( b )  Why  do  many  proteins  give  a  positive  Millon  test? 

(c)  Compare  the  enzymatic  hydrolysis  with  acid  hydrolysis  of  proteins 
for  the  preparation  of  pure  amino  acids. 


Experiment  26.  Preparation  of  Glutamic  Acid  from  Gluten.  Knead 
thoroughly  100  gm.  of  flour  with  enough  water  to  obtain  a  dough.  Allow  to 
stand  for  thirty  minutes  and  add  more  water  and  repeat  the  extraction  process. 
Pour  off  the  aqueous  extract  which  contains  the  starch  and  water-soluble 
proteins  and  repeat  this  process  with  fresh  water  until  the  aqueous  extract  is 
practically  free  of  starch.  (What  test  may  you  use? )  The  insoluble  material  is 
crude  gluten,  a  mixture  of  several  proteins. 

Place  about  50  gm.  of  gluten  in  a  500  ml.  Florence  flask  and  warm  on  the 
steam  bath  with  150  ml.  of  concentrated  hydrochloric  acid  until  the  protein 
dissolves.  Connect  the  flask  with  a  reflux  condenser  and  set  the  apparatus  on 
a  tripod.  Connect  the  top  of  the  condenser  with  a  tube  leading  downward  to 
an  inverted  funnel  which  just  dips  into  a  beaker  of  water.  (Why  is  this  neces¬ 
sary  ? )  Reflux  over  a  free  flame  for  about  eight  hours.  Add  5  gm.  of  decoloriz¬ 
ing  carbon  and  200  ml.  of  water,  heat  to  boiling,  and  filter.  Evaporate  the 
filtrate  to  about  50  ml.  in  vacuo.  Transfer  the  solution  to  a  125  ml.  Erlen- 
meyer  flask  and  saturate  with  hydrochloric  acid  gas*  while  the  solution  is 
kept  chilled  in  an  ice-salt  water  bath.  Stopper  and  place  in  a  refrigerator  for 
two  or  three  days.  Add  an  equal  volume  of  cold  acetone  and  filter  the 
glutamic  acid  hydrochloride  through  a  sintered  glass  funnel.  Wash  the 

precipitate  with  cold  acetone  and  ether.  Suck  dry  and  hand  in  to  your  in- 
structor.  J 


28  Laboratory  Manual  of  Biochemistry 

Experiment  27.  Preparation  of  Ribose  Nucleic  Acid  from  Yeast 
Nucleoproteins  are  a  group  of  cellular  proteins  of  great  importance.  The  twc 
outstanding  examples  are  those  from  the  thymus  gland  and  from  yeast.  Th« 
nucleoproteins  may  be  degraded  partially  by  splitting  away  the  proteir 
moiety  to  yield  the  nucleic  acids.  Thymonucleic  acid  is  an  example  of  th« 
desoxyribonucleic  acid  found  in  the  nucleus,  and  yeast  nucleic  acid  is  ar 
example  of  the  ribonucleic  acid  found  in  the  cytoplasm. 

Grind  5Q  gm.  of  yeast  in  a  mortar  with  125  ml.  of  0.04  M  sodium  hydrox1 
ide.  Transfer  to  a  flask  with  5  ml.  of  the  sodium  hydroxide  solution  and  heaj 
on  the  steam  bath  for  thirty  minutes.  Filter  through  a  fluted  filter,  cool  th« 
filtrate,  and  just  acidify  with  3  M  of  acetic  acid  to  litmus.  With  vigorous  stir 
ring  pour  into  100  ml.  of  95  per  cent  alcohol  containing  1  ml.  of  concentratec 
hydrochloric  acid.  Allow  the  precipitate  to  settle,  and  wash  twice  by  decan 
tation  with  95  per  cent  alcohol  and  twice  with  ether.  Use  the  ether  to  transfer 
the  insoluble  nucleic  acid  to  a  filter  paper,  and  allow  the  precipitate  to  dry 
in  the  air. 

Perform  the  biuret  test  on  a  portion  of  the  solid.  Is  the  test  positive?  Why? 

Boil  some  of  the  nucleic  acid  with  3  N  sulfuric  acid  for  three  minutes  anc 
perform  the  following  tests  on  aliquots  of  the  solution: 

(a)  Carbohydrates.  Test  for  Ribose  (Orcinol  Test).  Ribos« 
yields  a  characteristic  green  color  when  heated  with  orcinol  and  ferric  ions 
in  strong  HC1.  The  method  can  be  used  to  assay  for  ribose  nucleic  acio 
quantitatively  since  the  ribose  content  of  the  nucleic  acid  is  fairly  constant. 

Place  the  following  solutions  into  the  appropriate  test  tubes: 

Tube  Source  of  Ribose  Ferric-HCl_ Orcinol_ IF ater 


0.1  ml.  water 

3  ml. 

0.3  ml. 

3  ml. 

0.1  ml.  ribose 

3  ml. 

0.3  ml. 

3  ml. 

(0.1  mg./ml.) 

0.2  ml.  ribose 

3  ml. 

0.3  ml. 

3  ml. 

(0.1  mg./ml.) 

5-10  mg.  of  ribose 

3  ml. 

0.3  ml. 

3  ml. 

nucleic  acid 

Mix  well  and  place  into  a  boiling  water  bath  for  45  minutes.  Note  the  color 
Reagents.  Orcinol,  10  per  cent  in  95  per  cent  ethanol. 

Ferric-HCl  reagent,  0.990  gm.  ferric  ammonium  sulfate 
(12  H2O)  dissolved  in  1  liter  of  concentrated  HC1. 
Ribose  standard,  10  mg.  ribose  dissolved  in  100  ml.  water’ 
(6)  Purines.  Add  an  excess  of  ammonium  hydroxide  and  a  few  drops 
of  0.1  M  of  silver  nitrate  solution. 

(c)  Phosphates.  Neutralize  with  ammonium  hydroxide,  acidify  witF 
a  few  drops  of  concentrated  nitric  acid,  and  add  some  ammonium  molybdate 

solution. 
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QUANTITATIVE  DETERMINATIONS 

Experiment  28.  Determination  of  Tyrosine  in  Casein .*  Hydrolyze 

..0  gm.  of  casein  with  20.0  ml.  6  N  NaOH  under  a  rellux  condcnser  in  a 
wiling  water  bath  for  4  hours.  Cool  and  add  30.0  ml.  of  7  a  H-S^4' Sha  ' 
Place  1.0  ml.  aliquot  of  the  hydrolysate  into  a  clean,  dry  test  tube.  Into 
mother  tube  place  1.0  ml.  of  a  standard  tyrosine  solution  containing  i.U 


To?each  tube  add  3.0  ml.  of  the  15  per  cent  HgS04  in  5  A  H2S04  and  heat 
in  a  boiling  water  bath  for  10  minutes.  Cool  and  add  to  each  2.0  ml.  7  JM 
H2S04  and  2.0  ml.  0.2  per  cent  NaN02.  Shake  to  mix  and  add  12.0  ml.  of 
water  to  each.  Invert  the  tubes  and  filter  the  unknown  through  a  dry  filter 
paper  into  a  dry  test  tube.  Compare  in  a  visual  colorimeter. 

Calculation : 


Reading  of  standard  ^  |  q  ^  ^  ^  -152-  =  Per  cent  tyrosine  i*1  casein. 
Reading  of  unknown  7  1  1000 

Experiment  29.  Determination  of  the  Protein  Content  of  Egg  White. 

Dissolve  1.0  gm.  of  egg  white  in  50  ml.  water.  Shake  gently  and  filter. 
Pipette  1.0  ml.  of  the  filtrate  into  a  test  tube.  Into  another  test  tube  pipette 
1.0  ml.  of  a  standard  0.25  per  cent  egg  albumin  solution.  To  each  add  10  ml. 
).5  M  NaOH  followed  by  1.0  ml.  of  diluted  Folin  reagent  (1  part  reagent 
ind  2  parts  water).  Mix  and  compare  in  the  colorimeter. 

Calculation:  (Visual  colorimeter,  see  p.  67) 

ueadin  .  of  _tandard_  2.5  X  50  X  100  =  mg.  protein  per  100  gm.  egg  white 
leading  of  unknown 

Experiment  30.  Determination  of  Nitrogen  by  the  Kjeldahl  Method. 
The  nitrogenous  substances  are  oxidized  by  boiling  with  concentrated  sulfuric 
acid  in  a  Kjeldahl  flask.  The  nitrogen  is  converted  to  ammonia  and  is  fixed 
is  ammonium  sulfate.  Copper  sulfate,  mercury  and  selenium  are  some  of  the 
catalysts  used  in  the  reaction.  Furthermore,  potassium  sulfate  is  frequently 
idded  to  raise  the  boiling  point  of  the  sulfuric  acid.  All  reagents  used  must 
ae  nitrogen-free  and  should  be  checked  by  frequent  blank  determinations. 

The  ammonia  formed  is  liberated  by  making  the  solution  alkaline  with 
10  per  cent  sodium  hydroxide  solution.  It  is  then  distilled  into  standard 
lydrochloric  acid.  The  ammonia  is  determined  by  titrating  the  excess  hydro¬ 
chloric  acid  with  standard  sodium  hydroxide.  For  the  titration  an  indicator 
vith  a  low  pH  range  must  be  chosen  to  avoid  interference  by  the  buffering  of 
he  ammonium  chloride  in  solution.  Methyl  red  (pH  5.6)  is  a  widely  used 

ndicatOr.  One  may  also  use  alizarin  or  the  methyl  red-methylene  blue  indi¬ 
cators  (see  Appendix). 

The  usefulness  of  the  Kjeldahl  method  is  limited,  because  the  nitro-en 
Ji  a  great  many  organic  compounds  cannot  be  quantitatively  converted  into 

•  Bernhart,  F.  W„  Proc.  Amer.  Soc.  Biol.  Chem.;  J.  Biol.  Chem.,  123,  X,  1938. 
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(a)  Why  must  alkali  be  added  to  the  formalin  solution  until  just  pin 
to  phenolphthalein? 

( b )  Why  is  it  necessary  to  use  recently  distilled  formalin? 

(c)  Why  must  formalin  be  kept  stoppered? 

(d)  Why  is  sodium  carbonate  added  to  the  casein  mixture? 

(e)  What  is  the  pH  of  the  mixture  when  the  acid  is  added  to  the  casein 
sodium  carbonate  until  the  pink  color  of  phenolphthalein  is  just  discharged 

(/)  What  is  the  purpose  of  attaining  this  pH? 


Experiment  32.  Amino  Nitrogen  Determinations  (Van  Slyke).*  T1 
compound  containing  the  amino  group  is  allowed  to  react  with  a  solutic 


b 

I 


Fig.  6. — The  Van  Slyke  micro  amino  nitrogen  apparatus. 


of  nitrous  acid  in  a  special  apparatus,  and  the  volume  of  the  resulting  nitroge 
gas  is  measured. 

Procedure.  The  apparatus  should  always  be  left  filled  with  water  an 
all  stopcocks  closed.  Drain  the  water  from  the  appaiatus,  with  the  exceptic 
of  the  leveling  bulb  and  chamber  E  (Fig.  6)  up  to  but  not  beyond  stopcock 

Close  all  stopcocks,  but  have  x  to  z  open. 

To  A  add  5  ml.  of  glacial  acetic  acid,  open  a  and  allow  the  acid  to  fio 
into  B.  Close  a  and  add  12  ml.  of  30  per  cent  sodium  nitrite  solution  to  * 
Open  a  and  allow  the  nitrite  solution  to  flow  into  B  and  mix  with  the  aci 
until  the  mixture  just  flows  out  at  z;  then  quickly  turn  e,  so  that  x  to  y 
connected,  allowing  as  little  liquid  to  escape  as  possible. 

With  a  open,  shake  the  reaction  chamber  vigorously  until  the  level  of  U 


*  Van  Slyke,  /.  Biol  Chem. ,  16,  121  (1913) ;  23,  407  (1915) .  .  .  .  . 

The  ninhydrin  reaction  has  been  adapted  as  a  quantitative  determination  of  anur 
:ids  in  the  Van  Slyke  manometric  gas  apparatus.  MacFayden,  /.  Biol.  Chem.,  145,  3 

1942). 
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solution  falls  to  g.  Stop  the  shaking  and  open  *  to  z,  so  that  the  accumulated 
gases  in  B  are  removed  and  the  solution  just  passes  through  e.  Then  qu  J 
furn  e  so  that  *  to  y  is  connected.  Open  stopcock  c  momentarily  to  remove 
any  trapped  gas.  Repeat  this  shaking  down  and  gas  removal  piocedure 

^Afte/the  solution  has  been  shaken  down  to  level  g  for  the  third  time. 

Table  2 

MILLIGRAMS  OF  AMINO  N  CORRESPONDING  TO  1  ML.  OF  Ns  GAS  AT  11°-30°C.;  728-772 

MM.  PRESSURE 


11 

12 

13 

14 

15 

16 

17 

18 

19 

20 
21 
22 

23 

24 

25 

26 

27 

28 

29 

30 


728 


.5680 

.5655 

.5630 

.5605 

.5580 

.5555 

.5525 

.5500 

.5475 

.5445 

.5420 

.5395 

.5365 

.5335 

.5310 

.5260 

.5250 

.5220 

.5195 

.5160 


730 


.5695 

.5670 

.5645 

.5620 

.5595 

.5570 

.5540 

.5515 

.5490 

.5460 

.5435 

.5410 

.5380 

.5350 

.5325 

.5295 

.5265 

.5235 

.5210 

.5175 


732 


.5710 

.5685 

.5660 

.5635 

.5610 

.5585 

.5555 

.5530 

.5505 

.5475 

.5450 

.5425 

.5395 

.5365 

.5340 

.5310 

.5280 

.5250 

.5220 

.5190 


734 


.5725 

.5700 

.5675 

.5650 

.5625 

.5600 

.5575 

.5545 

.5520 

.5495 

.5465 

.5440 

.5410 

.5380 

.5355 

.5325 

.5295 

.5265 

.5235 

.5205 


736 


.5745 

.5720 

.5695 

.5665 

.5640 

.5615 

.5590 

.5560 

.5535 

.5510 

.5480 

.5455 

.5425 

.5400 

.5370 

.5340 

.5310 

.5280 

.5250 

.5220 


738 


.5760 

.5735 

.5710 

.5680 

.5655 

.5630 

.5605 

.5580 

.5550 

.5525 

.5494 

.5470 

.5440 

.5415 

.5385 

.5355 

.5325 

.5295 

.5265 

.5235 


740 


.5775 

.5750 

.5725 

.5700 

.5670 

.5645 

.5620 

.5595 

.5565 

.5540 

.5510 

.5485 

.5455 

.5430 

.5400 

.5370 

.5340 

.5310 

.5280 

.5250 


742 


.5790 

.5765 

.5740 

.5715 

.5685 

.5660 

.5635 

.5610 

.5580 

.5555 

.5525 

.5500 

.5470 

.5445 

.5415 

.5365 

.5355 

.5325 

.5295 

.5265 


744 


.5805 

.5780 

.5755 

.5730 

.5705 

.5675 

.5650 

.5625 

.5595 

.5570 

.5540 

.5515 

.5485 

.5460 

.5430 

.5400 

.5370 

.5340 

.5310 

.5280 


746 


.5820 

.5795 

.5770 

.5745 

.5720 

.5690 

.5665 

.5640 

.5610 

.5585 

.5555 

.5530 

.5500 

.5475 

.5445 

.5415 

.5385 

.5355 

.5325 

.5295 


748 


.5840 

.5815 

.5785 

.5760 

.5735 

.5710 

.5680 

.5655 

.5630 

.5600 

.5575 

.5545 

.5515 

.5490 

.5460 

.5430 

.5400 

.5370 

.5340 

.5310 


750 


.5855 

.5830 

.5805 

.5775 

.5750 

.5725 

.5695 

.5670 

.5645 

.5615 

.5590 

.5560 

.5530 

.5505 

.5475 

.5445 

.5415 

.5385 

.5355 

.5325 


t° 

752 

754 

756 

758 

760 

762 

764 

766 

768 

770 

772 

11 

.5870 

.5885 

.5900 

.5915 

.5935 

.5950 

.5965 

.5980 

.5995 

.6010 

.6030 

12 

.5845 

.5860 

.5875 

.5890 

.5905 

.5925 

.5940 

.5955 

.5970 

.5985 

.6000 

13 

.5820 

.5835 

.5850 

.5865 

.5880 

.5895 

.5910 

.5930 

.5945 

.5960 

.5975 

14 

.5790 

.5805 

.5825 

.5840 

.5855 

.5870 

.5885 

.5900 

.5915 

.5935 

.5950 

15 

.5765 

.5765 

.5795 

.5810 

.5830 

.5845 

.5860 

.5875 

.5890 

.5905 

.5920 

16 

.5740 

.5755 

.5770 

.5785 

.5800 

.5815 

.5830 

.5850 

.5865 

.5880 

.5895 

17 

.5710 

.5730 

.5745 

.5760 

.5775 

.5790 

.5805 

.5820 

.5825 

.5850 

.5865 

18 

.5685 

.5700 

.5715 

.5730 

.5745 

.5765 

.5780 

.5795 

.5810 

.5825 

.5840 

19 

.5660 

.5675 

.5690 

.5705 

.5720 

.5735 

.5750 

.5765 

.5780 

.5795 

.5810 

20 

.5630 

.5645 

.5660 

.5675 

.5690 

.5705 

.5725 

.5740 

.5755 

.5770 

.5785 

21 

.5605 

.5620 

.5635 

.5650 

.5665 

.5680 

.5695 

.5710 

.5725 

.5740 

.5755 

22 

.5575 

.5590 

.5605 

.5620 

.5635 

.5650 

.5665 

.5680 

.5695 

.5715 

.5730 

23 

.5545 

.5560 

.5575 

.5595 

.5610 

.5625 

.5640 

.5655 

.5670 

.5685 

.5700 

24 

.5520 

.5535 

.5550 

.5565 

.5580 

.5595 

.5610 

.5625 

.5640 

.5655 

.5670 

25 

.5490 

.5505 

.5520 

.5535 

.5550 

.5565 

.5580 

.5595 

.5610 

.5625 

.5640 

26 

.5460 

.5475 

.5490 

.5505 

.5520 

.5535 

.5550 

.5565 

.5580 

.5595 

.5610 

27 

.5430 

.5445 

.5460 

.5475 

.5490 

.5505 

.5520 

.5535 

.5550 

.5565 

.5580 

28 

.5400 

.5415 

.5430 

.5445 

.5460 

.5475 

.5490 

.5505 

.5520 

.5535 

.5550 

29 

.5370 

.5385 

.5400 

.5415 

.5430 

.5445 

.5460 

.5475 

.5490 

.5505 

.5520 

30 

.5340 

.5355 

.5370 

.5385 

.5400 

.5415 

.5430 

.5445 

.5460 

.5475 

.5490 

*  ttllu  upcn  /  &u  mai  d  communicates  with  L.  bhake  til 
reaction  chamber  for  three  minutes. 

Open  a  so  that  the  solution  flows  up  to  and  just  into  E.  Close  /.  Raise  th 
bulb  F  and  open  j,  so  that  E  to  G  is  connected  and  the  water  forces  all  th 
gases  through  the  capillary  tubes  and  well  into  the  Hempel  pipette  £ 
(  dnnssion  of  a  little  water  into  G  does  no  harm.)  Close  /.  Connect  the  shal 
mg  ,a™  to  G  fd  slowly  shake  the  pipette  for  one  minute.  Lower  F  an 

|pa„r!,fl,l  yi,0pen  I  80  as  t0  for,ce  ^  gas  from  G  back  into  E,  until  the  lowt 
level  of  the  permanganate  solution  just  comes  to  the  zero  mark  on  the  uppc 

part  of  E.  Close  /.  Raise  F  so  that  the  level  of  the  water  in  the  bulb  is  the  sarr 


34  Laboratory  Manual  of  Biochemistry 

as  that  in  E.  Read  the  volume  of  the  blank.  This  volume  should  never  exceed 
0.1  ml.  and  is  usually  0.07  ml. 

Turn  e ,  so  that  z  to  y  is  connected  and  rinse  out  the  gas  and  permanganate 
solution.  (Run  some  permanganate  from  G  into  E  during  the  process.) 
Open  a  and,  keeping  e  open  so  that  x  to  y  is  connected,  vigorously  shake  the 
reaction  vessel  until  the  nitrite  solutions  falls  to  level  g. 

Close  a ,  lower  the  bulb  F  and  open  /  so  that  y  to  E  is  connected.  Place  the 
unknown  solution  in  C  and  open  d,  so  that  the  meniscus  of  the  solution 
reaches  the  2  ml.  mark  on  C,  allowing  the  excess  to  flow  into  a  beaker.  Turn 
d  so  that  C  connects  with  B ,  allowing  the  solution  to  flow  into  B  and  down 
to  the  zero  mark  in  C.  Close  d. 

Vigorously  shake  the  reaction  vessel  for  three  minutes.  Open  a  so  thal 
the  solution  flows  up  to  and  just  into  E.  Close  /.  Raise  the  bulb  F  and  open  fj 
so  that  E  to  G  is  connected  and  the  water  forces  all  the  gases  through  the 
capillary  tubes  and  well  into  G.  Close  /.  Slowly  shake  the  Hempel  pipette  foi 
one  minute.  Lower  F  and,  carefully  opening  /,  bring  the  gas  from  G  into  £ 
until  the  lower  level  of  the  permanganate  solution  just  comes  to  the  zerc 
mark  on  the  upper  part  of  E.  Close  /.  Raise  F  so  that  the  level  of  the  water  ii? 
the  bulb  is  the  same  as  that  in  E.  Read  the  volume  of  the  gas. 

(When  foaming  solutions  are  used,  add  a  drop  of  caprylic  alcohol  intc 
B  through  D.) 

CALCULATIONS.  The  milliliters  of  nitrogen  obtained  in  the  blank  deter- 
mination  are  subtracted  from  the  milliliters  of  nitrogen  obtained  in  the 
determination,  and  this  value  is  multiplied  by  the  temperature  and  pressure 
factor,  obtained  from  Table  2.  The  resulting  value  represents  the  milligrams 
of  amino  nitrogen  in  2  ml.  of  the  unknown  solution. 

Reagents  : 

Alkaline  Permanganate  Reagent.  Dissolve  50  gm.  of  potassium  per: 
manganate  and  25  gm.  of  potassium  hydroxide  in  1  liter  of  water. 

Sodium  Nitrite  Reagent.  Dissolve  30  gm.  of  sodium  nitrite  in  100  ml 
of  water  and  filter  the  resulting  solution  if  necessary. 


Experiment  33.  Titration  of  an  Amino  Acid,  Using  the  Glass  Electrode 
Among  the  various  ways  of  determining  the  pH  of  a  solution  are  the  well 
known  colorimetric  method  (see  p.  51,  Experiment  10,  for  directions  whec 
using  colored  glass  standards),  the  hydrogen  electrode  method  and  the  glas* 

electrode  method.  , 

The  hydrogen  electrode  is  the  standard  method  to  which  all  others  an 

referred,  but  it  is  fraught  with  difficulties  and  is  not  always  satisfactory 

Aside  from  the  elaborate  electrical  system,  many  substances  interfere  witt 

its  use.  Among  these  are  sulfur  compounds,  proteins  and  oxidizing  agents 

The  glass  electrode  was  developed  to  circumvent  these  difficulties.  It  is  r 

thin  membrane  of  soft  glass  of  special  composition,  usually  taking  the  form 

of  a  bulb  blown  at  one  end  of  a  tube  of  the  glass.  The  bulb  is  filled  with  0.1  A 

hydrochloric  acid.  Sealed  into  the  other  end  of  the  tube  is  a  silver-sdvei 

chloride  electrode  which  dips  into  the  enclosed  acid. 

Within  the  limits  of  its  use  it  would  appear  that  the  glass  membrane  » 
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permeable  only  to  hydrogen  ions.  When  interposed  betw,*n ^wo solutions 
of  different  pH,  a  potential  develops.  One  so  ut.on  is  the  0.1  N  hydrocmo 
acid  within  the  electrode,  the  other  is  the  unknown.  Then 


E  =  (pHi  -  pH2) 


Accordingly,  if  the  glass  electrode  is  immersed  in  0.1  N  hydrochloric  acid,  n° 
potential  should  develop.  This  is  not  always  true.  The  potential  called  the 
asymmetry  potential,  which  may  develop  is  thought  to  be  due  to  strains  in  the 
glass,  since  it  is  large  when  the  electrodes  are  first  blown,  becoming  smaller 


in  time.  #  ...  .  .  , 

The  advantages  of  the  glass  electrode  are  its  small  size,  requiring  but  a 

small  sample  of  the  material  to  be  tested;  its  lack  of  contamination  of  that 
sample;  its  ability  to  function  in  any  solution  which  does  not  attack  giass 
including  nonaqueous  solutions.  It  functions  reproducibly  in  the  acid  range 
and  is  satisfactory  up  to  a  pH  of  9  or  10,  beyond  which  special  glasses  are 

available  to  extend  its  range  still  higher. 

Although  the  glass  membrane  is  thin,  careful  handling  or  protection  of  it 
by  a  bell  will  prevent  breakage.  The  membrane  should  not  be  allowed  to  dry 
out.  When  not  in  use  it  should  be  kept  immersed  in  water. 

A  saturated  calomel  cell  is  usually  used  in  conjunction  with  the  glass 
electrode.  Because  of  the  high  electrical  resistance  of  the  glass  membrane,  the 
usual  potentiometer-galvanometer  circuit  cannot  be  used  to  measure  the 
potential  which  is  developed.  However,  a  number  of  satisfactory  circuits  have 
been  designed  in  which  vacuum  tube  amplifiers  are  inserted  in  a  potenti¬ 
ometer  circuit.  These  may  be  powered  from  dry-cell  batteries  or,  in  some 
cases,  directly  from  the  line.  A  direct  reading  meter  is  used  instead  of  a 
galvanometer;  if  its  response  is  linear,  it  may  be  calibrated  in  pH  units. 
Since  the  temperature  factor  is  important  in  obtaining  correct  results,  many 
instruments  incorporate  a  variable  resistance  in  the  circuit  so  that  tempera¬ 
ture  corrections  are  automatically  made  on  setting  a  dial. 

In  general,  the  procedure  for  use  is  as  follows:  The  instrument  is  turned 
on  ten  to  fifteen  minutes  before  use  to  allow  it  to  reach  equilibrium.  It  is 
then  calibrated.  This  must  be  done  each  time  the  instrument  is  operated, 
since  the  settings  are  not  constant  because  of  the  asymmetry  potential  and 
other  electrical  and  mechanical  variables.  The  glass  and  the  calomel  electrodes 
are  immersed  in  a  standardized  buffer  solution  (usually  at  a  pH  around  4) . 
The  temperature  dial  is  adjusted.  Other  dials  are  then  turned  until  the  meter 
reads  the  pH  of  the  buffer.  The  electrodes  are  rinsed,  and  the  process  is 
repeated  with  another  buffer  in  the  alkaline  range.  It  is  sometimes  advisable 
for  accurate  work,  to  repeat  with  a  buffer  intermediate  between  the  two  first 
used  Adjustment  is  finally  achieved  so  that  the  meter  will  indicate  pH 

irectly.  (A  check  on  this  should  be  made  occasionally,  since  the  meter 
readings  are  inclined  to  drift.)  In  some  models  the  calibration  is  performed 

the  TT  f  3  SlandarC, CadmlUm  cel1  incorporated  within  the  unit.  Finally 
die  electrodes  are  rinsed  again,  immersed  in  the  solution  whose  pH  is  to  be 

determined,  and  a  direct  reading  is  taken  from  the  meter  ” 
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For  further  details,  the  student  is  advised  to  consult  the  literature  supplied 
with  each  commercially  available  instrument. 

llie  titrations  are  usually  carried  out  in  dilute  solution — 0.05  M  of  the 
amino  acid,  with  strong  acid  or  base  (1  M ) — so  that  the  volume  change 
during  the  course  of  the  titration  (5  per  cent)  has  but  a  negligible  effect  on 
the  dissociation  of  the  amino  acid.  It  is  essential  to  obtain  a  water  blank  at 
the  same  time.  This  is  the  volume  of  acid  or  base  needed  to  bring  the  pH  of 
the  water  itself  to  the  levels  reached  during  the  titration  of  the  amino  acid. 
At  high  and  low  pH  the  water  blank  is  considerable,  and  correction  must  be 
made  for  it. 

From  the  titration  curves,  corrected  for  water  blank,  the  apparent  dissocia¬ 
tion  constants,  K1,  of  the  amino  acid  can  be  calculated,  using  the  Henderson- 
Hasselbach  equation.  For  the  calculation  of  the  “true”  dissociation  constant, 
K,  the  student  is  referred  to  Chapter  25  in  Clark’s  Determination  of  Hydrogen  i 
ions  (third  edition,  Williams  and  Wilkins). 

Into  each  of  two  200  ml.  beakers,  weigh  0.375  gm.  of  glycine  (0.005  M). 
Dissolve  each  charge  in  100  ml.  of  freshly  boiled,  cool  distilled  water.  Stir 
the  solutions  until  homogeneous  and  measure  the  pH  of  one  of  them  with  ai 
pH  meter.  Using  a  calibrated  10  ml.  microburette  graduated  in  0.01  ml.,  add 
standard  1  /V  hydrochloric  acid  in  0.25  ml.  portions  until  7  ml.  have  been 
added,  stirring  well  and  measuring  the  pH  after  each  addition. 

Repeat  the  titration  in  an  identical  manner  on  the  second  glycine  charge, 
using  1  N  sodium  hydroxide  for  the  titration. 

To  determine  the  water  blank,  measure  the  pH  of  100  ml.  of  the  same; 
water  used  for  the  previous  titrations.  Add  1  N  hydrochloric  acid  in  incre¬ 
ments  of  0.01  ml.  until  0.1  ml.  has  been  added;  then  in  increments  of  0.05  ml. 
until  0.5  ml.  has  been  added.  Repeat  the  titration  on  a  fresh  sample  of  100  ml. 
of  water,  using  1  N  sodium  hydroxide. 

Plot  on  the  same  graph  the  titration  curve  of  glycine  and  the  water  blank; 

titration. 

Draw  a  corrected  titration  curve  of  glycine  by  subtracting  the  water  blank: 
correction  for  ten  points  on  both  sides  of  the  curve. 

Calculate  pK}  (the  carboxyl  group)  and  pKJ  (the  amino  group),  using; 

five  points  for  each  constant. 

(a)  How  do  the  constants  you  determined  compare  with  those  reported 
in  the  literature? 

( b )  What  may  be  the  reason  for  any  discrepancy? 


Experiment  34.  Electrometric  Formol  Titration.  Adjust  500  ml.  of 
15  per  cent  formaldehyde  solution  to  the  same  pH  you  obtained  with  the 
<dycine  dissolved  in  water  in  the  previous  experiment.  Weigh  two  charges  of 
glycine  as  before,  but  instead  of  water  dissolve  each  charge  m  100  ml.  of  the 
neutralized  15  per  cent  formaldehyde  solution.  Measure  the  pH  of  one  of  the 
solutions  with  the  pH  meter.  Titrate  with  1  N  hydrochloric  acid  as  in  he 
previous  experiment.  Repeat  the  titration  with  1  N  sodium  hydroxide  on  the 
second  charge.  Determine  the  “water  blank”  with  acid  and  alkali  on  two 
100  ml.  portions  of  the  neutralized  formaldehyde  solution. 


.LJ  1XJ 
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Plot  these  titration  curves  on  the  same  graph  as  the  titration  curves  in 
water.  Draw  a  corrected  formol  titration  curve. 

(а)  Which  branch  of  the  curve  is  more  affected  by  the  formaldehyde? 

(б)  What  is  the  dissociating  group  affected  by  the  formaldehyde. 

(c)  Does  formaldehyde  remove  completely  the  buffering  capacity  of  the 

dissociating  group  under  (b)  ? 


Chapter  4  Enzymes* 


Enzyme  activity  is  influenced  by  many  factors,  such  as  pH,  temperature,  con¬ 
centration  of  the  substrate,  concentration  of  the  enzyme,  concentration  of  the 
products  of  the  reaction,  inorganic  salt  concentration,  activators  and  in-, 
hibitors.  Each  of  these  factors  must  be  carefully  controlled  to  obtain  results 
which  can  be  duplicated. 

In  expressing  enzyme  activity,  a  convenient  arbitrary  unit  is  selected,  anc< 
preparations  are  described  in  terms  of  the  unit. 

Experiment  1.  Preparation  of  Potato  Extract.  Wash,  peel  and  grate 
a  potato.  Transfer  the  gratings  and  adhering  liquid  to  a  piece  of  cheesecloth 
Fold  the  cloth  into  a  bag  and,  holding  the  top  ends  of  it,  move  it  up  and 
down  through  100  ml.  of  water  contained  in  a  beaker.  Continue  this  for  three 
to  four  minutes.  Test  the  pulp  for  protein  (p.  13).  Notice  the  substance 
which  settles  to  the  bottom  of  the  beaker. 

Filter  the  supernatant  liquid  and  use  a  portion  of  the  filtrate  for  each  oi 
the  following  tests:  (a)  reducing  sugar  (p.  2)  and  (6)  proteins  (p.  13). 

(a)  What  ions  are  present  in  the  extract? 

( b )  What  substance  settles  out? 

Experiment  2.  Oxidase.  To  each  of  two  test  tubes  add  5  ml.  of  the 
filtrate  from  Experiment  1.  Place  one  of  these  tubes  in  a  boiling  water  batb 
for  ten  minutes,  remove  it,  and  cool.  Add  to  each  of  the  two  tubes  0.5  ml.  of 
phosphate  buffer,  pH  6,  and  2  ml.  of  freshly  prepared  0.2  per  cent  catechol 
solution.  Shake  each  tube  thoroughly  for  several  minutes.  Let  stand  for 
thirty  minutes. 

(a)  How  do  the  boiled  and  unboiled  extracts  differ  in  their  action  on 
catechol  solution?  Why? 

( b )  Describe  the  color  changes  that  take  place  in  the  enzymatic  oxidation 
of  catechol. 

(c)  What  is  a  possible  oxidation  product  of  catechol? 

Experiment  3.  Sucrase.  Place  a  cake  of  yeast  (or  its  equivalent)  in  e 
mortar  and  add  about  5  gm.  of  sand.  (It  is  preferable  not  to  use  the  dehy-^ 
drated  yeast  preparations,  because  these  yield  milky  solutions  which  mask 
some  of  the  reactions.  If  brewers’  yeast  is  available,  use  about  10  gm.)  Add 
10  ml.  of  toluene  and  grind  the  mixture.  Add  30  ml.  of  water  in  3  ml.  por¬ 
tions,  grinding  the  mass  thoroughly.  During  fifteen  minutes  grind  the  sus¬ 
pension  occasionally  and  then  centrifuge  it  for  five  to  ten  minutes.  Pipette 
ofT  the  supernatant  fluid,  which  will  be  clear  or  milky,  depending  on  whether 

*  Other  experiments  on  enzymes  will  be  found  under  saliva,  milk,  gastric  and  pan¬ 
creatic  digestion,  and  bile. 
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undehydrated  or  dehydrated  yeast  preparation  was  used.  (The  grinding  may 
be  done  in  a  Waring  blendor.)  . 

Set  up  the  following  mixtures  in  test  tubes:  _ _ 


Yeast 

Supernatant 

Acetate 
Buffer  p H  4.4 

Fresh  1  Per 
Cent  Sucrose 

1  Per  Cent 
Starch 

Water 

1  . 

3  ml. 

1  ml. 

•  • 

•  • 

3  ml. 

2 . 

3  ml. 

1  ml. 

3  ml. 

3  ml. 

3 . 

3  ml. 

1  ml. 

•  • 

4 . 

3  ml.  boiled 

3  ml. 

for  1  minute 

1  ml. 

Mix  well  the  contents  of  the  tubes  and  allow  to  stand  at  room  temperature 
for  thirty  minutes.  Make  the  solutions  just  alkaline  to  litmus  with  1  M 
sodium  carbonate  solution,  and  perform  the  Benedict  test  on  each  of  them. 


Experiment  4.  The  Precipitation  of  Sucrase  by  Alcohol.  Add  10  ml. 
of  the  sucrase  extract  to  40  ml.  of  95  per  cent  alcohol.  Allow  to  stand  until  a 
precipitate  forms.  Centrifuge  the  mixture.  Discard  the  supernatant.  Dissolve 
the  residue  in  the  centrifuge  tube  in  5  ml.  of  water.  Centrifuge  down  any 
i  insoluble  debris  if  necessary.  Test  the  supernatant  for  sucrase  activity. 

(а)  Why  is  toluene  used  in  the  preparation  of  sucrase  from  yeast? 

(б)  What  does  this  experiment  show  with  regard  to  the  specificity  of 
sucrase  action? 

(c)  Is  sucrase  soluble  in  alcohol? 

( d )  How  would  the  alcoholic  supernatant  behave  towards  sucrose? 

(e)  Why  is  it  necessary  to  dissolve  the  alcoholic  precipitate  in  water 
before  testing  for  sucrase  action? 

(/)  Write  the  equation  for  the  hydrolysis  of  sucrose. 

(g)  What  is  meant  by  “inversion”? 


Experiment  5.  Carbonic  Anhydrase.  This  enzyme  is  widely  dis¬ 
tributed.  It  occurs  in  red  blood  cells,  brain  and  other  tissues.  It  catalyzes  the 
equilibrium  between  carbon  dioxide,  water  and  carbonic  acid. 

CO2  -j-  H2O  H2CO3 

Add  1  ml.  of  0.04  per  cent  bromthyinol  blue  to  25  ml.  of  water  in  a  large  test 
tube.  Place  a  clean  thermometer  into  the  solution  and  cool  the  tube  in  an  ice 
bath.  When  the  temperature  of  the  solution  drops  to  4°C.  add  1.0  ml.  of  5 
per  cent  sodium  bicarbonate  solution.  Insert  a  capillary  tube  through  which 
carbon  dioxide  is  passed  into  the  solution.  (Adjust  the  carbon  dioxide  flow 
so  that  it  is  not  too  violent  by  first  passing  the  gas  through  a  control  test  tube 
containing  25  ml.  of  water.)  Start  a  stop  watch  when  the  carbon  dioxide 
starts  bubbling  through  the  bicarbonate  solution.  Record  the  time  elapsed 
until  a  sharp  color  change  from  blue  to  yellow-green  occurs.  Repeat  the 
experiment  exactly,  but  add  0.1  ml.  of  blood  (whole  or  defibrinated)  before 
inserting  the  carbon  dioxide-bearing  capillary. 

a„diffjerffence  in  l,he  time  elapse<l  before  the  color  change? 

(o)  What  is  the  difference  due  to? 


40  Laboratory  Manual  of  Biochemistry 

( c )  What  causes  the  color  change  of  the  indicator? 

(d)  What  is  the  physiologic  function  of  carbonic  anhydrase? 

Experiment  6.  Schardinger  Enzyme.  Milk  contains  an  enzyme — 
Schardinger — which  catalyzes  the  oxidation  of  a  variety  of  aldehydes  to 
acids.  The  reaction  proceeds  anaerobically  and  can  be  demonstrated  if  a 


Fig.  7. 


suitable  hydrogen  acceptor  such  as  methylene  blue  is  present.  The  reaction 
is  formulated  via  an  intermediate  hydrated  aldehyde  as  follows: 

H  H 

R — C=0  +  H20  — R— C— OH 

I 

OH 

H  O 

I  II 

R— C— OH  +  Mb  — >-  R— C— OH  +  MbH2 

OH  Blue  Colorless 

The  progress  of  the  reaction  can  be  noted  from  the  change  of  the  blue 
oxidized  form  of  methylene  blue  to  its  colorless  reduced  form. 

The  reaction  is  conveniently  carried  out  in  a  vessel  designed  for  the  study 
of  anaerobic  reactions,  the  Thunberg  tube  (Fig.  7). 

Place  5  ml.  of  milk  into  each  of  three  Thunberg  tubes.  Heat  the  contents 
of  one  for  one  minute  in  a  boiling  water  bath.  Add  1  ml.  of  0.02  per  cent 
methylene  blue  to  each  of  the  tubes.  Pipette  1  ml.  of  0.5  per  cent  neutral 
formaldehyde  solution  into  the  hollow  stopper  of  the  tube  with  the  boiled 
milk  and  into  one  of  the  other  stoppers.  Into  the  third  stopper  pipette  1  ml. 
of  water.  Grease  the  stoppers  and  insert  them  into  the  appropriate  tubes* 
without  splashing  any  of  their  contents  into  the  tubes.  Turn  the  stoppers- 
so  that  the  hole  communicates  with  the  side  arm.  Cool  in  ice  water.  Evacuate 
the  tubes  on  a  suction  pump  and  turn  the  stoppers  to  seal  them  befoie  dis- 
connecting  the  suction  line.  Place  the  tubes  into  a  40  °C.  water  bath.  After 
five  minutes,  tilt  the  tubes,  causing  the  contents  of  the  stoppers  to  flow  into 
the  tubes.  Continue  the  incubation  at  40  °C.  and  note  the  time  of  complete 

decolorization. 
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(a)  Which  tube  became  decolorized  first.  tw  reduced9 

6  Is  methylene  blue  the  only  substance  in  the  tube  that  is  reduc  . 

(c)  Compare  the  oxidase  systems  in  Experiment  2  and  in  this. 

Experiment  7.  D-Amino  Acid  Oxidase.*  Liver  and  kidney  contain 
enzymes  which  oxidize  amino  acids  according  to  tire  following  reaction. 


H 


R— C— COOH  +  M  02  — >-  R— C— COOH  +  NH3 


nh2 


o 


There  are  apparently  two  separate  enzyme  systems,  one  of  which  acts  on 
amino  acids  having  the  L-optical  configuration,  and  the  other  on  the  amino 
acids  of  the  D  configuration.  The  latter,  the  D-amino  acid  oxidase,  is  more 
stable  and  is  easily  extracted  either  from  fresh  kidney  or  a  dry  preparation  of 
whole  kidney.f 

The  extract  from  whole  kidney  is  made  up  for  a  class  of  twenty  students 
as  follows:  Cut  four  fresh  lamb  kidneys  lengthwise.  Remove  the  sheath  and 
excise  most  of  the  fat  with  scissors.  Cut  the  kidneys  into  pieces  the  size  of  a 
pecan  and  place  them  into  a  Waring  blender.  Put  the  lid  on  the  Waring 
blender  and  run  the  machine  until  the  tissue  is  reduced  to  a  thick  paste.  Do 
not  allow  the  tissue  to  become  warm  by  running  the  machine  too  long.  Pour 
the  tissue  paste,  usually  called  “homogenate,”  into  2  liters  of  acetone.  Pour 
the  paste  slowly  and  stir  the  acetone  vigorously. 

Filter  the  greyish  mass  on  a  Buchner  funnel.  Wash  the  mass  four  times 
with  200  ml.  of  acetone.  Air  dry  the  powder  on  the  Buchner  funnel  and  then 
place  it  in  a  vacuum  desiccator  over  P2O5.  Change  the  P2O5  if  necessary 
several  times  during  a  week.  Since  the  product  of  the  amino  acid  oxidation  is 
determined  with  a  ketone  reagent,  the  enzyme  preparation  must  be  acetone- 
free.  To  test  for  the  absence  of  acetone,  grind  0.5  gm.  of  the  grey  powder 
with  10  ml.  of  water.  Add  to  the  suspension  5  ml.  of  30  per  cent  trichloracetic 
acid  solution  and  filter  after  ten  minutes.  Add  to  2  ml.  of  the  filtrate  2  ml. 
of  a  saturated  2 :4-dinitrophenylhydrazine  solution  in  2  A  hydrochloric  acid. 
If  a  precipitate  forms,  all  the  acetone  had  not  been  removed,  and  therefore 
continue  the  drying  of  the  main  product  over  P205  in  vacuo. 

When  the  “acetone  powder”  is  acetone-free,  it  can  be  used  for  enzyme 
studies  by  each  student. 


For  the  extraction  of  the  enzyme,  proceed  as  follows:  Grind  up  5  gm.  of 
either  the  “acetone  powder”  or  Viobin  whole  kidney  powder  with  5  gm.  of 
sand  and  150  ml.  of  water.  After  thorough  grinding,  filter  through^fluted 
filter  paper.  Use  three  funnels  to  speed  up  the  collection  of  the  filtrate.  Dis- 

Sx1Veu1ogf\°f  °'L  alaninC  in  50  niL  °f  °*1  M  Pyrophosphate  buffer  solution 
rLPH  ,  « ,  the  alanine  solution  with  50  ml.  of  the  enzvme  extract  in  a 
500  ml.  Erlenmeyer  flask.  Add  1  ml.  of  0.1  M  arsenious  acid  solution  (see 


21;  ”620\%%j50  U938) :  z  Ph^'- 

t  Obtainable  from  the  Viobin  Corporation,  Monticello,  Illinois. 
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Appendix)  and  incubate  the  solution  at  37 °C.  for  twelve  hours.  It  is  prefer 
able,  but  not  essential,  to  bubble  oxygen  or  air  through  the  solution  durin. 
the  incubation. 

At  the  end  of  the  incubation  period,  add  15  ml.  of  freshly  prepared  3l 
per  cent  trichloracetic  acid  solution  and  mix  the  contents  of  the  flask.  Afte 
ten  minutes,  filter  free  of  the  precipitated  proteins.  Add  to  the  filtrate  20  ml 
of  a  saturated  solution  of  2:4  dinitrophenylhydrazine  in  2  A  hydrochlori 
acid  (see  Appendix)  and  place  the  mixture  in  an  icebox  for  twelve  hours 
Filter  the  precipitated  2:4  dinitrophenylhydrazine  of  pyruvic  acid.  Th 
product  of  several  students’  experiment  may  be  pooled,  recrystallized,  am 
the  melting  point  compared  with  that  of  an  authentic  sample  of  the  2:* 
dinitrophenylhydrazine  of  pyruvic  acid  (213°). 

(а)  How  could  you  prove  that  this  enzyme  preparation  oxidizes  onH 
D-alanine? 

(б)  Calculate  the  volume  of  oxygen  at  standard  temperature  and  pressure 
needed  for  the  oxidation  of  the  D-amino  acid  in  this  experiment. 

(c)  Devise  an  experiment  in  which  the  ammonia  liberated  during  th< 
course  of  this  reaction  could  also  be  determined. 

Experiment  8.  Catalase  Activity. 

(a)  Into  a  250  ml.  Erlenmeyer  flask,  introduce  90  ml.  of  M/ 150  hydrogei 
peroxide  and  10  ml.  of  a  mixture  of  equal  parts  of  M/ 15  disodium  phosphate 
and  M/ 15  monopotassium  phosphate.  Place  in  an  ice-water  bath  at  2°. 

( b )  At  “zero”  time  add  10  ml.  of  the  enzyme  solution  (1:250  Worthingtoi 
Catalase).  Mix. 

(c)  At  10  minutes  add  20  ml.  of  20  per  cent  sulfuric  acid  and  titrate  witt 
0.05  N  KMn04  to  a  permanent  rose  color. 

(d)  Repeat  using  10  ml.  of  water  instead  of  the  enzyme  solution. 

(e)  Subtract  the  quantity  of  permanganate  in  the  enzyme  experimeni 
•  from  that  obtained  in  the  control  experiment.  This  gives  the  quantity  oi 

hydrogen  peroxide  decomposed  by  the  enzyme.  One  ml.  of  0.05  N  KMn04  is 
equivalent  to  0.4  mg.  or  0.28  ml.  of  available  oxygen.  Express  the  catalast 
activity  in  terms  of  mols  H2O2  decomposed  per  ml.  of  enzyme  solution  pei 
hour. 

(/)  Repeat  using  10  ml.  of  enzyme  which  had  been  boiled  for  30  seconds 
and  cooled. 

(g)  Repeat  using  10  ml.  of  enzyme  solution  in  the  presence  of  1  ml.  o3 
0.1  M  mercuric  chloride  solution. 

Experiment  9.  Quantitative  Estimation  of  Pepsin  Activity.*  In  tht 
hemoglobin  method  for  the  estimation  of  pepsin,  hemoglobin  is  digestec 
under  standard  conditions  at  an  optimum  pH  of  1.6.  The  undigested  hemo¬ 
globin  (large  molecular  components)  is  precipitated  with  trichloracetic  acid 
and  the  hydrolytic  products  (polypeptids)  are  estimated  in  the  filtrate  with 
the  Folin  phenol  reagent,  which  gives  a  blue  color,  due  mostly  to  the  tyrosine 
and  tryptophan  groupings. 

♦  Northrop,  Crystalline  Enzymes  (1939),  153. 
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«2SE  z 

SV  .o  hemolyze  ,.«  «»,  The 

lure  »  centrifuged  once  eg.in  und  the  cle.r  h.n.oglubm 
Estimation  of  Hemoglobin  Concentration.  Follow  the  directions 
for  the  determination  of  the  hemoglobin  by  the  Wong  iron  method  page  122 
Experiment  20).  Use  1.0  ml.  of  hemoglobin  solution  in  place  of  0.5  mL  o 
blood.  Read  in  the  Klett  photocolorimeter,  using  the  54  filter  and  setting  t  e 
blank  at  zero.  Calculate  the  hemoglobin  concentration.  Dilute  the  hemoglobin 
concentration  so  that  it  is  exactly  2.5  gm.  per  cent.  Add  1  gm.  of  merthiolate 
to  each  50  ml.  of  solution  (as  a  preservative).  Place  in  a  tightly  stoppered 

flask  in  the  refrigerator. 


(a)  Prepare  two  pepsin  solutions  by  dissolving  100  mg.  of  each  (1)  Merck 
tJSP  pepsin  and  (2)  Stomach  lining  powder,  Viobin,  in  100  ml.  water.  If 
they  do  not  dissolve  completely,  use  as  a  suspension. 

( b )  Prepare  4  test  tubes  labeled  ai,  a2,  bi  and  b2.  To  each  add  4  ml.  of 
2.5  per  cent  hemoglobin  solution  and  1  ml.  of  0.3  N  HC1. 

(c)  At  “zero”  time  add  1  ml.  pepsin  (1)  to  tube  ai.  Mix.  At  exactly  2 
minutes  add  1  ml.  pepsin  (2)  to  tube  bi.  Mix. 

(d)  At  exactly  10  minutes  add  10  ml.  5  per  cent  trichloracetic  acid  to  tube 
ai.  Mix.  At  exactly  12  minutes  add  10  ml.  5  per  cent  trichloracetic  acid  to 


tube  bi.  Mix. 

'(e)  Add  10  ml.  5  per  cent  trichloracetic  acid  to  tubes  a2  and  b2  followed 
by  1  ml.  pepsin  (a)  to  tube  a2  and  1  ml.  pepsin  (b)  to  tube  b2.  These  will 
serve  as  controls  since  the  enzymes  are  destroyed  by  the  trichloracetic  acid. 

(/)  Filter  the  contents  of  tubes  ai,  a2,  bi  and  b2  using  Whatman  #2  dry 
filter  paper  into  4  clean  labeled  test  tubes. 

(g)  Transfer  5  ml.  of  each  of  the  filtrates  to  each  of  4  labeled  test  tubes. 
Prepare  a  standard  tube  containing  5  ml.  of  a  tyrosine  solution  containing 
0.02  mg.  tyrosine  per  ml. 

{h)  To  each  tube  add  10  ml.  0.5  N  NaOH  and  3  ml.  of  Folin  reagent 
previously  diluted  3  times  with  water.  Mix.  Compare  the  unknowns  against 
the  standard  in  a  colorimeter. 


Calculation:  (Visual  colorimeter,  see  p.  67) 


Reading  of  standard 
Reading  of  unknown 


X  0.1  X  rr  =  m&* *  “tyrosine  equivalents” 
5  per  mg.  enzyme 


(Note:  the  reading  of  tubes  a2  and  b2  are  subtracted  from  8l  and  b,  re¬ 
spectively  if  the  standards  are  set  at  the  same  height.  If  not,  subtract  the 
calculated  tyrosine  equivalents.”) 


*  A  powdered  soluble  hemoglobin, 
28,  Ohio,  can  also  be  used. 


supplied  by  National  Biochemical  Corp.,  Cleveland 
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Experiment  10.  Yeast  Fermentation.  The  fermentation  reaction 
sometimes  called  glycolysis,  is  one  of  the  oldest  known  to  biochemistry.  Th 
mixture  of  enzymes  in  yeast,  responsible  for  what  is  in  reality  a  series  o 
many  reactions,  was  originally  called  “zymase.”  In  this  reaction  glucose  i 
eventually  converted  to  ethanol  or  acetic  acid  and  carbon  dioxide.  In  orde 
to  follow  the  course  of  such  a  reaction  quantitatively  the  manometric  techni 
of  Barcroft  and  Warburg  is  used  (see  p.  45).  The  following  experiment  i 
designed  to  allow  the  student  to  study  a  gas-yielding  reaction  with  a  ver' 

much  simplified  version  of  the  aforementioned  apparatus  and  gives  qualita 
live  results. 

(a)  Construct  two  manometers  from  glass  capillary  tubing  and  insert  th 
short  end  of  each  into  a  rubber  stopper  designed  to  fit  a  50  ml.  Erlenmeye: 
flask  (see  Fig.  8).  Push  a  20  hypodermic  needle  through  the  stopper  a 


a  point  adjacent  to  the  manometer  tubing.  Add  indicator  fluid  to  th« 
manometer  by  dipping  the  long  end  into  a  dye  solution  (Evans  blue)  ano 
withdraw  2  to  3  inches.  Turn  the  manometer  to  an  upright  position  so  thai 
the  fluid  fills  the  bottom  U  of  the  manometer.  Fix  a  piece  of  graph  papei 
behind  the  manometer  and  secure  with  scotch  tape. 

(6)  Prepare  a  Krebs-Ringer-phosphate  solution  by  mixing  the  following 
solutions  in  order:  100  ml.  NaCl  (0.154  M),  4  ml.  KC1  (0.154  A/),  3  ml 
CaCl2  (0.11  M),  1  ml.  KH2P04  (0.154  M),  1  ml.  MgS04  (0.154  M)  ano 
12  ml.  of  a  sodium  phosphate  buffer,  pH  7.4  (0.1  M) . 

(c)  Homogenize  1  gm.  of  dried  yeast  powder  with  100  ml.  of  the  Kreb: 
solution  for  about  2  minutes.  Dissolve  1  gm.  of  glucose  in  the  suspension  anc 
pipette  10  ml.  of  it  into  each  of  two  50  ml.  Erlenmeyer  flasks.  To  one  flasl 
add  0.2  ml.  water  and  to  the  other  add  0.2  ml.  of  a  solution  of  HgCl2  (0.1  M) 

( d )  After  5  to  10  minutes,  stopper  the  open  ends  of  the  hypodermi- 
needles  (wax  or  apiezon  cement)  and  mark  the  starting  level  in  the  oper 
limb  of  each  manometer  quickly. 

(e)  At  intervals  of  1  minute  gently  shake  each  solution  and  mar*;  tin 
level  of  the  indicating  fluids  again.  Record  the  changes. 
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Explain  the  results. 

What  other  inhibitors  may  be  used .  .  after 

Improvise  and  perform  another  experiment  using  this  apparatus 
consulting  with  your  instructor. 

Experiment  11.  Tissue  Respiration  Measurements.  Enzyme  activity 
has  been  studied  until  now  in  solutions  free  of  intact  cells  This  procedure >» 
open  to  the  criticism  that  the  enzyme  is  present  under  artificial  and  unphy 
ologic  conditions  and  that  many  coenzymes  are  lost  upon  disruption  of  the 
cell  wall.  It  is  obviously  impossible  to  measure  most  enzyme  activities  in 
the  intact  living  animal  (in  vivo).  A  compromise  procedure  has  been  worked 
out  due  mainly  to  the  contributions  of  Barcroft  and  Warburg  Tissues 
quickly  removed  from  the  sacrificed  animal,  are  sliced  very  thin  (0.5  mm.) 
so  that  two  conditions  are  met:  (a)  Intact  cells  are  present  in  a  great  pro¬ 
portion  of  the  total  weight  of  the  slice;  and  ( b )  when  placed  in  a  medium 
containing  a  suitable  substrate  and  saturated  with  dissolved  oxygen,  there  is 
rapid  and  adequate  movement  of  oxygen  and  substrate  into  the  deepest  cells 
and  adequate  removal  of  carbon  dioxide  and  waste  metabolites  into  the 
solution.  The  respiration  flask  containing  the  tissue  slices,  medium,  gas  and 
alkali  (for  absorption  of  carbon  dioxide)  is  connected  to  a  manometer 
which  is  capable  of  measuring  the  gas  exchange  quantitatively  (see  Fig.  9). 
(For  details  of  the  construction  of  various  types  of  vessels,  manometers  and 
shaking  thermostats,  and  for  the  methods  of  calibration  of  the  vessels  and 
manometers,  reference  is  made  to  Manometric  Techniques  by  Umbreit  et  al., 
Burgess  Publ.  Co.,  1945,  Minneapolis,  Minn.,  and  Manometric  Methods  by 
M.  Dixon,  1943,  Macmillan,  N.  Y.) 

Oxygen  Utilization  by  Rat  Liver  Slices.  The  following  experiment 
is  designed  to  illustrate  to  the  student  one  determination  which  is  possible 
using  this  technic.  Other  determinations  will  be  found  in  the  references 
cited.  Prepare  the  following  respiration  vessels: 


Flask 

1 

2 

3 

4 

5 

(a)  Main  compartment: 

Ringer-phosphate-glucose*  . 

2.4  ml. 

2.0  ml. 

2.0  ml. 

2.0  ml. 

2.0  ml. 

( b )  Side-arm: 

Ringer-phosphate-glucose . 

•  • 

0.2  ml. 

HgCl2  (0.1M)  . 

•  • 

0.2  ml. 

HgCh  (0.01M)  . 

•  • 

0.2  ml. 

HgCh  (0.001M)  . 

(c)  Center  well: 

•  • 

•  • 

•  • 

0.2  ml. 

KOH  (10%)  and  filter  strip . 

•  • 

0.2  ml. 

0.2  ml. 

0.2  ml. 

0.2  ml. 

*  Ringer  phosphate-glucose  is  prepared  as  follows: 

(o)  Ringer  solution:  To  960  ml.  of  0.154  M  sodium  chloride  add  20  ml.  of 

0.154  M  potassium  chloride  solution  and  20  ml.  of  0.11  M  calcium  chloride 
solution. 

(b)  Prepare  .If /1 5  phosphate  buffer  solution,  pH  7.4,  by  mixing  80.4  ml.  of  Af/15 
phatemsok“onhate  S<> Uti°n  "'Uh  19'6  m1,  °f  M/15  P°0*ssium  dihydrogen  phos- 
“  voJumf  °f  Rinser  solution  with  1  volume  of  the  buffer  solution. 

Phosphor  so°/utL„Per  CCnt  8  36  SOl“ti0n  ‘°  eVtTy  100  ml-  °f  the  Ri"ger. 
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Prepare  a  petri  dish  and  a  100  ml.  beaker  with  cold  saline,  resting  in  a  i 
larger  beaker  containing  ice  and  water.  Kill  a  rat  by  a  sharp  blow  on  the 
head,  quickly  remove  the  liver  and  immerse  in  a  dish  of  cold  saline.*  Cut  off 
the  largest  lobe  of  the  liver  and  place  it  on  a  filter  paper  tacked  to  a  small 
board.  Holding  the  tissue  taut  by  means  of  a  glass  slide  in  the  left  hand, 
slice  a  section  of  tissue  at  an  angle  of  45  degrees.  Discard  the  first  slice.  Con-- 


Fig.  9. — Warburg  constant-volume  manometer  and  reaction  vessel.  (Perkins,  J.  Ind.  Eng. 

Chem.  Anal.  Ed.,  15.) 

tinue  slicing  sections  about  0.5  mm.  thin.  The  cutting  edge  of  the  blade 
should  be  visible  through  the  slice.  Transfer  each  slice  to  the  beaker  of  cold 
saline.  When  a  suitable  number  of  slices  have  been  cut  (two  to  four  per 
vessel),  pass  a  stream  of  oxygen  through  the  suspension  of  slices  in  saline 
for  one  minute.  Decant  the  supernatant  and  resuspend  in  cold  saline.  Remove ! 
a  slice  onto  a  dry  piece  of  filter  paper  and  gently  blot  each  side.  Weigh  it  on 
a  suitable  balance.  When  100  to  200  mg.  of  wet  weight  of  slices  have  been 
obtained,  transfer  these  to  a  vessel.  Do  not  put  any  tissue  in  vessel  No.  1, , 
which  is  the  thermobarometer;  it  will  measure  any  changes  in  temperature  mi 
the  bath  and  any  changes  in  barometric  pressure  during  the  course  of  the 
determination.  Finally  transfer  several  slices  which  have  been  weighed  to  a  i 

♦  The  use  of  a  Stadie  slicer  (A.  H.  Thomas)  simplifies  the  procedure. 
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tared  cup  and  place  in  an  oven  at  100°C  for  a  de—tion  of 

^  ^R^ve  eth 

of  fhJd  — e^: 

each  reacts  to  the  increase  in  temperature  by  an  expansion  of  the  8^™’ 
Shake  the  manometers  to  equilibrate  for  ten  minutes.  Stop  the  shaker  and 
adjust  each  manometer  so  that  the  right  hand  limb  reads  loO  mm.  and 
the  height  of  the  fluid  in  the  left  hand  limb  of  the  manometer.  When  the 
readings  have  been  recorded,  tip  the  contents  of  the  side  arms  into  the 
main  compartment  of  each  vessel.  Continue  shaking  and  take  readings  a 
regular  intervals  of  fifteen  minutes  for  as  long  as  convenient,  making  the 
adjustment  of  the  manometer  fluid  to  150  mm.  each  time  before  the  reading 

i<*  taken. 

"  Correct  each  reading  for  temperature  and  pressure  changes  as  indicated 
by  the  thermobarometer  reading.  Correct  each  value  by  multiplying  by.  its 
vessel  constant  and  plot  the  cubic  millimeters  of  oxygen  taken  up  against 
the  time  in  minutes. 

Calculate  the  Qo2  for  rat  liver  slices  from  your  data,  which  include  a 
knowledge  of  the  dry  weight  of  the  tissue  in  each  vessel.  The  Qo2  is  defined 
as  the  number  of  cubic  millimeters  of  oxygen  absorbed  per  milligram  of 
dry  tissue  per  hour. 


(a)  How  do  your  values  compare  with  those  found  in  the  references 
cited? 

( b )  What  is  the  effect  of  Hg+  +  ? 


Chapter  5  Saliva 


Saliva  is  produced  by  the  submaxillary,  sublingual  and  parotid  glands  a* 
well  as  by  the  mucous  membrane  and  buccal  glands  of  the  mouth,  throat  anc 
esophagus.  Salivary  flow  is  caused  by  mechanical,  chemical  or  psychi* 
stimulation.  The  liquid  contains,  among  other  things,  a  protein  (mucin),  ai 
enzyme  (ptyalin)  and  various  inorganic  ions. 

The  enzyme  ptyalin  has  the  power  of  hydrolyzing  starch  to  maltose. 

Collection  of  Saliva.  After  rinsing  your  mouth  thoroughly  with  water 
chew  on  a  small  piece  of  paraffin  wax.  This  will  stimulate  the  flow  of  saliva 
Transfer  the  accumulated  saliva  to  a  small  beaker,  and  use  for  the  following 
experiments. 

Experiment  1.  Mucin.  To  5  ml.  of  saliva  in  a  test  tube  add  2  drops  o 
0.1  M  acetic  acid.  Use  water  as  a  control. 

Remove  the  stringy  precipitate,  and  perform  the  Millon  test  on  th« 
precipitate  and  the  Benedict  and  Molisch  tests  on  the  saliva. 

(а)  What  is  the  precipitate  which  forms? 

(б)  What  function  does  this  protein  have  as  a  component  of  saliva? 

(c)  What  type  of  compound  is  mucin?  How  do  your  experimental  result! 
confirm  this? 

Experiment  2.  Thiocyanates.  To  5  ml.  of  saliva  in  a  test  tube  add  i 
drops  of  0.1  M  ferric  chloride  and  1  drop  of  concentrated  hydrochloric  acid 
Use  water  as  a  control. 

To  eliminate  the  possibility  that  the  red  color  may  be  due  to  ferric 
phosphate,  add  5  drops  of  1  per  cent  mercuric  chloride  solution  (to  foriri 
colorless  mercuric  thiocyanate).  If  the  color  is  due  to  ferric  phosphate,  i 
will  not  disappear. 

Experiment  3.  Comparison  of  Activity  of  Dialyzed  and  Undialyzeo 
Saliva.  Dialyze  10  ml.  of  saliva  containing  several  drops  of  toluene  agains- 
running  water  for  two  hours.  At  the  end  of  this  time,  use  the  dialyzed  salivc 
for  comparison  with  the  undialyzed  saliva  in  the  experiment  described  below 
Add  5  drops  of  saliva  to  25  ml.  of  a  1  per  cent  starch  solution  and  mix: 
thoroughly.  At  one  minute  intervals,  transfer  1  ml.  of  the  solution  to  a  tes 
tube  and  add  2  drops  of  0.01  M  iodine.  At  the  same  one  minute  intervals- 
transfer  1  ml.  of  the  hydrolytic  mixture  to  5  ml.  portions  of  benedict  s  solu 
tion  in  labelled  test  tubes.  (If  the  blue  color  with  iodine  solution  still  appears 
at  the  end  of  five  minutes,  add  10  drops  of  saliva  to  25  ml.  of  the  stare 

solution  and  begin  again.)  .  _  .  ,  A 

Note  the  time  when  the  achromic  point  (no  color  with  iodine)  is  reached 

Heat  the  tubes  containing  the  Benedict  solution  for  three  minutes  in  c 
48 
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the  tubes  to  which 


wiling  water  bath.  Compare  these  results  with  those  in 
odine  solution  had  been  added. 

(a)  What  are  the  degradation  products  obtained  when  ptyalin  acts  on 

itT6'l  ?How  do  the  products  in  (a)  behave  towards  iodine  and  Benedict’s 


!°  (V)  Why  is  a  positive  Benedict  test  often  obtained  when  the 

yives  a  red  color  with  iodine  solution? 

(d)  Does  the  dialyzed  saliva  hydrolyze  the  starch  as  rapidly 

andialyzed?  Why?  ,  ,  i  .  « 

(e)  What  other  method  may  be  used  to  study  starch  hydrolysis. 


solution 
as  the 


Experiment  4.  Influence  of  Temperature  on  Ptyalin  Activity.  Add 
5  ml  of  a  1  per  cent  starch  solution  to  each  of  four  test  tubes.  Immerse  one 
‘ube  in  an  ice-water  mixture,  keep  the  second  at  room  temperature  and  place 
the  third  in  a  water  bath  at  38°C.  Add  to  each  of  these  tubes  2  drops  of 
diluted  saliva  (1:9)  and  mix  well.  To  the  contents  of  the  fourth  tube  add 
l  drops  of  the  diluted  saliva  which  had  been  heated  in  a  boiling  water  bath 
:or  five  minutes. 

At  intervals  of  five  minutes  remove  a  sample  from  each  tube  and  test  it 
ivith  2  drops  of  0.01  M  iodine  as  under  Experiment  3.  Note  the  rate  of 
digestion  in  each  tube. 

(a)  The  contents  of  which  tube  reach  the  achromic  point  first? 

( b )  Devise  a  quantitative  experiment  to  determine  the  effect  of  tempera- 
:ure  on  ptyalin  activity. 


Experiment  5.  Estimation  of  Ptyalin.  To  10  ml.  of  a  1  per  cent  starch 
solution  in  a  test  tube,  add  2  ml.  of  0.1  M  sodium  chloride,  and  place  the  tube 
n  a  water  bath  at  38  °C.  Prepare  eight  tubes  so  that  each  contains  3  ml.  of 
vater  and  3  drops  of  0.01  M  iodine.  Now  add  1  ml.  of  diluted  saliva  (1:9) 
;o  the  tube  containing  the  starch  solution  and  mix  the  contents.  At  intervals 
)f  thirty  seconds,  add  2  drops  of  the  digesting  mixture  to  one  of  the  tubes 
containing  the  iodine  solution.  Note  the  time  when  the  addition  of  the  diges- 
ion  mixture  to  the  iodine  ceases  to  produce  any  change  in  color.  If  the  time 
aken  to  reach  this  point  (the  “achromic  point”)  is  less  than  four  minutes, 
'urther  dilute  the  saliva  with  an  equal  volume  of  water  and  repeat  the 
experiment. 

(a)  Assuming  that  1  unit  of  amylase  is  the  quantity  required  to  digest 
L0  ml.  of  a  1  per  cent  starch  solution  to  the  achromic  point  in  four  minutes, 
calculate  the  number  of  units  of  amylase  in  1  ml.  of  your  saliva. 

(fi)  Why  is  sodium  chloride  added  to  the  starch  solution? 


Experiment  6.  Determination  of  the  pH  Most  Favorable  to  the  Diees- 

7  °f  Starch  7  SalTi'a-  Make  up  10  ml.  of  each  of  the  following  buffer 

solutions  p  149) :  pH  8,  7  4,  6.8,  6,  5.2.  To  each  of  these  buffer  solutions 
n  a  test  tube,  add  5  ml.  of  a  1  per  cent  starch  solution,  2  ml.  of  0.1  M 
>o  mm  chloride  and  2  ml.  of  diluted  saliva  (1:9).  Place  all  the  tubes  in  a 
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water  bath  at  38  C.  Determine  in  which  tube  the  “achromic  point”  is  fir: 
reached  (consult  Experiment  3).  When  this  is  obtained,  add  iodine  soli 
tion  to  each  tube.  (Tubes  at  pH  8  and  7.4  should  be  slightly  acidified  wil 
acetic  acid  before  the  addition  of  iodine.) 

(а)  What  is  the  optimum  pH  for  ptyalin  action? 

(б)  Why  are  tubes  above  pH  7  acidified  before  testing  with  iodine? 

(c)  How  do  you  explain  the  continued  action  of  ptyalin  in  the  stomach 

Experiment  7.*  The  Effect  of  Compounds  which  Inhibit  or  Destrc 
Bacterial  Activity  on  Salivary  Amylase.  Dilute  2  ml.  of  saliva  with  8  m 
of  water  and  mix  well.  Add  1  ml.  of  this  diluted  saliva  to  each  of  six  te ; 
tubes.  To  each  tube  in  turn  add  5  drops  of  toluene,  5  drops  of  chloroforn 
5  drops  of  1  per  cent  mercuric  chloride  solution,  5  drops  of  2  per  cent  phen« 
solution,  0.5  gm.  of  sodium  fluoride,  and  5  drops  of  water.  Let  stand  for  te 
minutes  and  shake  occasionally.  Now  add  5  ml.  of  a  1  per  cent  starch  soli 
tion  to  each  of  the  six  tubes.  Place  all  the  tubes  in  a  water  bath  at  38  °C 
for  about  fifteen  minutes.  At  the  end  of  this  time,  perform  the  iodine  an 
Benedict  tests  on  half  of  the  contents  of  each  test  tube.  Record  your  resul 
in  tabular  form. 

(a)  Do  antiseptics  and  germicides  as  a  rule  inhibit  the  action  of  salivar 
amylase? 

Experiment  8.*  Some  Inorganic  Constituents  of  Teeth.  Place 
tooth  in  75  ml.  of  1  M  hydrochloric  acid  and  allow  to  stand  at  room  temper; 
ture  for  forty-eight  hours.  Shake  occasionally.  Note  the  evolution  of  ga; 
Filter  and  separate  the  residue.  Test  a  small  portion  of  the  residue  and  filtral 
for  protein,  using  the  appropriate  tests  (p.  18).  Also,  test  the  filtrate  fc 
amino  acids  (Experiment  5,  p.  19). 

Add  concentrated  ammonium  hydroxide  to  the  filtrate  until  the  reactio 
is  alkaline.  A  precipitate  should  appear  at  this  point.  Dissolve  the  bulk  of  th 
precipitate  by  adding  30  per  cent  acetic  acid  solution  while  stirring.  Test  5  m 
of  the  filtrate  for  phosphate  ion  by  adding  2  ml.  of  ammonium  molybdal 
reagent  and  heating.  To  about  50  ml.  of  the  filtrate  add  25  ml.  of  4  per  cer 
ammonium  oxalate  solution.  A  precipitate  should  form.  Warm  the  mixtui 
and  let  stand  for  fifteen  minutes  or  longer.  Filter  through  Whatman  42  pape 
(To  the  first  few  milliliters  of  clear  filtrate,  add  a  few  drops  of  0.2  M  ammc 
nium  oxalate  solution  to  test  for  complete  precipitation.  If  a  precipital 
forms,  add  an  additional  5  ml.  of  ammonium  oxalate.) 

Transfer  the  filtrate  to  an  Erlenmeyer  flask,  add  2  N  ammonium  hydroxid 
to  alkalinity,  stopper  and  let  stand  until  the  next  period.  A  crystalline  pr« 
cipitate  of  ammonium  magnesium  phosphate  forms.  Examine  some  of  th 
crystals  under  the  microscope  and  draw  a  crystal. 

(a)  What  gas  is  obtained  when  hydrochloric  acid  is  added  to  a  tooth 

( b )  What  precipitate  results  upon  the  addition  of  ammonium  hydroxic 
to  the  filtrate  from  the  action  of  hydrochloric  acid  on  a  tooth? 

*  Adapted  from  Karshan,  A  Laboratory  Manual  of  Biochemistry  for  Dental  Studen 
(Columbia  University,  1947).  / 
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(c)  What  precipitate  is  obtained  at  the  point  where  ammonium  oxalate 

(d)  List  several  inorganic  and  organic  constituents  of  teeth. 

Experiment  9.*  Acid  Production  by  the  Action  of  Salivary  Bacteria 
n  Glucose.  Collect  about  6  ml.  of  unstimulated  saliva  (saliva  collected 
ith  minimum  movement  of  tongue,  cheeks,  lips  and  jaw)  m  a  test  tube  an 
ivide  it  into  two  equal  parts.  To  one  part  add  0.4  ml.  of  1  per  cent  glucose 
dution,  and  to  another  part  add  0.4  ml.  of  water.  Place  both  tubes  in  a  water 
ath  maintained  at  37  °C.  for  three  hours.  At  the  end  of  this  time,  pipette 
ml.  portions  from  each  tube  into  small  test  tubes  and  add  one  drop  of 
per  cent  phenolphthalein  solution  to  each.  Titrate  with  0.01  N  sodium 
ydroxide  until  a  pink  color  appears  that  persists  for  about  thirty  seconds. 

(а)  Compare  the  results  in  the  control  (untreated  saliva)  with  that  in  the 
diva — glucose  mixture. 

(б)  Is  there  any  evidence  of  acid  production  in  (o)  ? 

;  Experiment  10.  The  pH  of  Saliva.  Test  the  reaction  of  saliva  to 
romthymol  blue,  phenolphthalein  and  methyl  orange  solutions  to  obtain 
le  approximate  pH.  Use  pH  papers  also  if  available,  such  as  Hydrion  paper,! 
r  other  suitable  indicators. 

For  better  results,  the  following  procedure  may  be  used.  Prepare  phos- 
hate  buffer  standards  of  pH  6.2  to  7.6  (see  p.  149).  Use  tubes  of  uniform 
iameter  which  fit  into  the  comparator  block.  To  each  such  tube  containing 
0  ml.  of  the  phosphate  buffer,  add  0.5  ml.  of  0.04  per  cent  of  bromthymol 
lue  solution.  Mix  thoroughly  and  stopper  with  a  clean  cork.  These  are  the 
olor  standards. 

Add  about  250  ml.  of  distilled  water  to  a  flask,  and  adjust  to  a  pH  of  6.8 
>  7  by  the  careful  addition  of  0.01  N  sodium  hydroxide,  using  bromthymol 
lue  as  an  outside  indicator.  (If  too  much  sodium  hydroxide  has  been  added, 
sduce  the  pH  of  the  water  with  0.002  N  hydrochloric  acid,  adding  about  5 
rops  at  a  time.) 

To  a  dry  test  tube  which  fits  into  the  comparator  block,  add  0.5  ml.  of 
.04  per  cent  bromthymol  blue  solution,  9  ml.  of  the  adjusted  water  of  pH 
.8  to  7,  and  1  ml.  of  saliva.  Stir  and  compare  with  the  color  standards  in  a 
comparator  block.  To  compensate  for  the  turbidity  of  the  salvia,  a  tube  con¬ 
fining  water  is  placed  behind  the  tube  containing  saliva  and  indicator  and 

tube  containing  9  ml.  of  water  plus  1  ml.  of  saliva  is  inserted  behind  the 
Dior  standard. 

HTmeterH(sefeSf  Sr"  ^  by  “eanS  °f  3  Slass  e,ectrode 

(T°  avoid  loss  of  carbon  dioxide,  collect  the  saliva  under  oil  as  follows- 
,dd  about  5  ml  of  paraffin  oil  to  a  clean  test  tube.  Insert  one  end  of  a  <das^ 
.be  of  about  V2  inch  diameter  into  your  mouth  and  allow  the  saliva  to  accu 
mlate  under  the  layer  of  oil.  Avoid  blowing  through  the  tube.) 

Diversity,  1947).  ’  ^  Ixlboralory  Manual  of  Biochemistry  for  Dental  \Stuctinta_ (Columbia 
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Chapter  6  3Iilh 


Milk  is  almost  a  perfect  food,  containing  proteins,  fats,  lactose,  inorgan 
salts  and  vitamins.  It  is  a  dilute  food,  however,  owing  to  its  high  wat< 
content,  and  it  is  low  in  iron  and  vitamin  C.  Casein  is  its  chief  protein.  T1 
phosphorus  content  is  high,  and  the  element  is  present  in  two  forms:  linke 
in  the  casein  molecule  and  as  inorganic  phosphate  ion. 

The  separation  of  casein  from  milk  depends  on  its  precipitation  from  ac 
solution,  dragging  down  with  it  the  milk  fat.  The  latter  is  extracted  with  e 
organic  solvent  in  which  casein  is  insoluble.  The  filtrate  from  the  casein  ar 
fat  contains  the  soluble  constituents  such  as  lactose  and  inorganic  phosphate 
and  other  ions. 

Casein  may  be  separated  from  milk  by  the  clotting  action  of  rennin  in  tl 
presence  of  calcium  ion  (pepsin,  too,  will  clot  it  to  some  extent) ,  convertir 
the  soluble  calcium  salt  of  casein  into  insoluble  calcium  paracaseinate. 

Experiment  1.  Dialysis  of  Milk.  Pour  50  ml.  of  milk  into  a  dialyzir 
bag  (p.  24)  and,  leaving  some  empty  space,  tie  the  upper  part  of  the  be 
with  a  string.  Suspend  the  bag  in  a  400  ml.  beaker  by  tying  the  string  a 
tached  to  the  bag  over  a  glass  rod  placed  horizontally  over  the  beaker.  E 
not  allow  the  bag  to  touch  the  bottom  of  the  beaker.  Add  distilled  water  ' 
the  beaker  until  it  is  level  with  the  upper  surface  of  the  milk  in  the  sa 
Allow  to  dialyze  for  one  and  one-half  hours.  Then  test  the  dialysate  f< 
protein  (p.  18),  reducing  sugar  (p.  2),  chloride  ion,  phosphate  ion  ar: 

calcium  ion. 

Explain  the  results. 

Experiment  2.  Preparation  of  Casein.  Warm  100  ml.  of  milk  in 
hot  water  bath  until  the  temperature  of  the  milk  reaches  40  °C.  Add  dropwii 
with  stirring  about  1  ml.  glacial  acetic  acid  until  all  of  the  casein  flocculate 
Filter  the  coagulum  through  cheese  cloth  and  gently  squeeze  most  of  t! 
water  from  the  casein.  Suspend  the  precipitate,  by  rubbing,  in  50  ml.  of  9 
per  cent  ethanol.  Decant  and  discard  the  supernatant.  Repeat  using  50  m 
of  a  1:1  ether-ethanol  mixture.  Use  another  50  ml.  of  the  ether-alcohol 
transfer  the  casein  to  a  Buchner  funnel  and  wash  with  50  ml.  ether.  Sue 
the  precipitate  dry  and  remove  the  last  traces  of  ether  by  spreading  on 

watch  glass. 

Experiment  3.  Color  Tests  on  Casein.  Perform  the  Millon,  biur 
and  Hopkins-Cole  tests,  using  small  quantities  of  the  solid  casein  prepare 
in  Experiment  2.  (Refer  to  p.  18  for  tests.) 

(a)  Can  positive  tests  be  obtained,  using  solid  proteins?  . 

( b )  Why  is  casein  considered  a  “biologically  wholesome  protein. 

Experiment  4.  Milk  Fat.  Evaporate  the  ethereal  extract  from  Expei 
ment  2  on  the  steam  bath.  (Caution!  Flames!)  Note  the  odor  of  the  residu 
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Devise  experiments  to  prove  that  the  residue  is  a  fat.  (Consult  p.  12, 
Experiment  3,  etc.) 

(a)  What  are  some  of  the  common  food  products  prepare  rom  mi 

Experiment  5.  Effect  of  Rennin  on  Milk.  Place  two  test  tubes  each 

jontaining  5  ml.  of  fresh  milk  in  a  water  bath  at  33  C.  for  fi^e  ml"“tes-J° 
me  test  tube,  add  1  ml.  of  0.1  per  cent  rennin  suspension,  and  to  the  other, 
L  ml.  of  0.1  per  cent  pepsin  suspension.  Shake  and  replace  in  the  water  ba  l 
it  38  °C.  Note  the  time  at  which  each  coagulates. 

(а)  Explain  why  the  pepsin  preparation  is  also  effective  as  a  clotting 

igent.  #  . 

(б)  Do  you  note  any  difference  in  action  between  the  pepsin  and  the 

rennin? 

(c)  What  is  an  industrial  application  of  this  reaction. 


Experiment  6.  The  Effect  of  Calcium  on  the  Clotting  of  Milk.  Add 
5  ml.  of  0.2  M  ammonium  oxalate  to  10  ml.  of  milk.  Mix  well.  Prepare  two 
rest  tubes  as  follows: 


1 . 

5  ml.  of  oxalated  milk 

2  ml.  of  0.5  M  CaCb 

1 

> 

5  ml.  of  oxalated  milk 

2  ml.  of  water 

1 

ml.  of  1  per  cent  rennin 
ml.  of  1  per  cent  rennin 


Place  the  tubes  in  a  water  bath  at  38°C.  for  ten  minutes.  Note  the  result. 


(a)  Is  there  a  physiologic  need  for  the  clotting  of  milk? 


Experiment  7.  Isoelectric  Point  of  Casein.  Place  0.3  gm.  of  casein 
Hammarsten’s)  into  a  50  ml.  volumetric  flask,  and  add  25  ml.  of  water, 
ireviously  warmed  to  38 °C.,  and  5  ml.  of  M  sodium  hydroxide.  Shake  gently 
o  dissolve  the  casein.  Add  5  ml.  of  M  acetic  acid,  mix,  cool,  and  make  up  to 
>0  ml.  with  water.  Filter,  if  necessary.  The  solution  (casein  in  0.1  M  sodium 
icetate)  should  be  faintly  opalescent.  Using  pipettes,  carefully  make  up  the 
ollowing  mixtures  (use  dry  test  tubes).  (For  fractions  of  a  milliliter  use  the 
.  ml.  Mohr  pipette  graduated  in  hundredths.)  Allow  to  stand  for  thirty 
ninutes.  Note  the  results. 


Test  tube . 

1 

2 

3 

4 

5 

6 

7 

8 

9 

Ml.  of  casein  solu¬ 
tion  . 

1 

1 

1 

1 

1 

1 

1 

1 

1 

Ml.  of  water . 

8.4 

7.8 

8.8 

8.5 

8 

7 

5 

1 

7.4 

Ml.  of  0.01  M  acetic 
acid . 

0.6 

1.3 

Ml.  of  0.1  M  acetic 
acid . 

•  • 

•  • 

0.3 

0.5 

1 

2 

4 

8 

Ml.  of  M  acetic  acid. 

•  • 

•  • 

•  • 

•  • 

•  • 

•  • 

•  • 

•  • 

1.6 

Approximate . 

5.9 

5.7 

5.3 

5 

4.7 

4.4 

4.1 

3.8 

3.5 

*  If  a  pH  meter  is  available,  check  the  pH  of  each  tube. 
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(а)  How  does  the  measured  pH  compare  with  the  calculated? 

(б)  What  is  the  pH  of  the  tube  showing  greatest  turbidity? 

(c)  How  does  your  determination  of  the  isoelectric  point  compare  wit' 
that  reported  in  the  literature? 

( d )  What  property  of  the  protein  at  the  isoelectric  point  does  this  exper 
ment  illustrate? 


-o 


E-2 

if  3 

i4 

—5 


“"5  m 


Fig.  10.  The 
Babcock  tube. 


Experiment  8.  The  Determination  of  Fat  by  the  Bal 
cock  Method.  The  fat  content  of  milk  is  convenient] 
determined  by  the  Babcock  method,  which  depends  upon  tb 
relative  stability  of  fats  (compared  to  other  milk  constiti 
ents)  in  strong  acid.  After  mixing  milk  with  concentrate 
sulfuric  acid  the  fat  is  separated  by  centrifuging  and  i 
amount  is  determined  by  the  volume  it  occupies  in  the  sp 
cially  calibrated  neck  of  the  Babcock  tube  (Fig.  10).  ( 
accurate  measurements  of  milk  fat  are  needed,  see  the  vc 
ume  published  by  the  Association  of  Official  Agriculture 
Chemists.*) 

By  means  of  a  medicine  dropper  whose  tip  is  drawn  to 
long  capillary,  fill  a  Babcock  tube  with  the  milk  up  to  tl 
5  ml.  mark.  With  a  similar  pipette  add  concentrated  sulfur 
acid  (specific  gravity,  1.82)  slowly  while  shaking,  until  tl 
volume  reaches  the  calibrated  neck  of  the  tube.  Do  not  alio 
the  contents  to  become  hot.  Shake  the  tube  until  all  trac« 
of  the  curd  disappear.  Fill  the  neck  of  the  tube  up  to  tl 
zero  mark  with  a  1:1  solution  of  concentrated  hydrochlor 
acid  and  amyl  alcohol.  Centrifuge  the  tube  for  five  minute 
If  the  top  of  the  yellow  fat  column  is  not  at  the  zero  mar 
add  warm  water  to  bring  it  there  and  centrifuge  again  f« 
two  minutes.  The  percentage  of  fat  is  read  from  the  positic 
of  the  lower  meniscus  of  the  fat  column. 

The  fat  should  be  translucent,  golden-yellow  and  free  fro 
particles.  If  it  is  milky  or  charred,  the  determination  shorn 
be  repeated,  taking  special  precautions  not  to  overlie 
locally  by  insufficient  mixing  of  the  acid  and  the  mil 
Should  the  fat  column  reach  beyond  the  calibration,,  repe 


the  determination  on  a  4:1  or  3:2  dilution  of  milk  and  water.  If  cream  is  to  I 
analyzed,  one  volume  of  it  is  first  diluted  with  four  of  water  and  aft* 
thorough  mixing,  the  determination  is  performed  as  on  milk.  In  this  ca: 
the  percentage  of  fat  reading  is,  of  course,  multiplied  by  five-T 


*  A.O.A.C.,  6th  edition,  page  311  (1945).  ...  * 

tA  modification  of  this  method  does  away  with  the  use  ot 
centrifugation  (Schain,  Science,  110: 121,  1949). 


sulfuric  acid  and  wi 


Chapter  7  GiflSt B*$C  ItiffCStioti 


Commercial  pepsin  is  a  crude  enzyme  preparation  obtained  from  the  gastric 
mucosa  of  cattle.  It  usually  consists  of  a  mixture  of  pepsin  and  rennm,  the 

latter  being  a  milk-clotting  factor.  < 

The  products  of  peptic  digestion  are  an  ill-defined  mixture  of  partially 

split  proteins  called  metaproteins,  proteoses,  peptones  and  polypeptides. 

They  differ  in  molecular  weight. 

There  are  numerous  methods  for  studying  quantitatively  the  optimum 
conditions  (pH,  temperature  and  so  on)  for  peptic  activity.  The  most 
accurate  would  be  to  follow  the  increase  in  free  amino  groups  as  digestion 
□roceeds,  by  means  of  the  amino  nitrogen  determination  (see  p.  32).  In 
Experiments  2  to  4  the  substrate*  is  a  coagulated  and  insoluble  protein  with 
a  dye  (iodoeosin)  adsorbed  onto  it.  When  pepsin  digests  this  protein  it 
dissolves  the  protein  during  its  initial  stage  of  enzyme  action,  thus  liberating 
he  dye  and  coloring  the  solution. 

For  the  following  experiments  the  student  will  prepare  100  ml.  of  a  0.4 
aer  cent  filtered  pepsin  solution  in  water.  Set  up  a  large  beaker  of  water  kept 
it  40  °C.  for  incubating  the  digestion  mixtures. 

Experiment  1.  Conditions  Essential  for  the  Action  of  Pepsin.  Pre- 
>are  the  following  test  tubes  as  indicated: 


Tube 

Pepsin 

0.2  M  HCl 

Water 

0.2  M  HgCli 

1.5  ml. 

1.5  ml. 

1.5  ml. 

1.5  ml. 

1.5  ml. 

1.5  ml. 

1.5  ml. 

1.5  ml. 

2  drops 

ro  each  tube  add  a  pinch  of  albumin-iodoeosin  (see  Appendix)  and  shake, 
ncubate  for  one  hour  at  40  °C.  Shake  occasionally  during  the  course  of  the 
ligestion.  Allow  the  particles  to  settle  and  observe  the  clear  supernatant  fluid. 

(а)  In  which  tube  has  digestion  taken  place? 

(б)  What  is  the  nature  of  the  action  of  mercuric  chloride? 

(c)  What  is  the  purpose  of  tube  2? 


Experiment  2.  Effect  of  Temperature  on  Peptic  Activity. 


To  each 


*  Another  substrate  which  may  be  used  hut  wWk 
f  digestion,  is  the  Mett  tube.  requires  more  time  for  evidence 

Cut  several  glass  tubes  of  2  mm.  diameter  into  ten  inch  lentrtVic  n  ,  . 

ie  tubes  and  seal  each  end  in  a  flame.  Immerse  the  tubes  in  ?  K  Cgg  7hlte  mt0 

ie  egg  white  is  thoroughly  coagulated  *  b  a  boilmg  water  bath  until 

S°hlbyr“lle0Trrre’  CUt  °ff  ‘he  end9’  “d  «  the  -ube  into  %  inch 
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of  four  tubes  add  1.5  ml.  of  the  pepsin  solution  and  1.5  ml.  of  0.2  M  hydro 
chloric  acid. 

1.  Place  in  a  beaker  of  ice-water. 

2.  Place  at  room  temperature. 

3.  Place  in  the  bath  at  40  °C. 

4.  Boil  for  one  minute.  Cool  to  room  temperature  and  place  in  the  bath  a 
40  °C. 

To  each  tube  add  a  pinch  of  the  albumin-iodoeosin  and  incubate  as  ii 
Experiment  2.  Observe  the  filtrates  for  evidence  of  digestion. 

5.  Take  tube  (1)  and  place  it  in  the  bath  at  40  °C.  and  incubate  for  on 
hour.  Observe  the  filtrate. 


(a)  Of  tubes  1  to  4,  which  shows  best  digestion? 

(b)  What  is  the  effect  on  an  enzyme  of  low  and  high  temperatures 
Is  either  reversible? 


Experiment  3.  Effect  of  pH  on  Peptic  Activity.  Prepare  four  tube 
as  follows: 


Tube 

Pepsin 

0.2  M  HCl 

Water 

Buffer  pH  6 

Buffer  pH  7 

pH  of  solutic 

1 . 

1.5  ml. 

1.5  ml. 

•  • 

•  • 

•  • 

1.5 

2 . 

1.5  ml. 

4  drops 

1.5  ml. 

•  • 

•  • 

2.5 

3 . 

1.5  ml. 

•  • 

•  • 

1.5  ml. 

•  • 

6 

4 . 

1.5  ml. 

•  • 

•  • 

•  • 

1.5  ml. 

7 

Add  a  pinch  of  albumin-iodoeosin  to  each  tube  and  incubate  for  one  horn 
Observe  the  supernatants. 


(а)  What  is  the  optimum  pH  for  peptic  digestion? 

(б)  Will  the  nature  of  the  acid  used  affect  the  digestion  at  the  same  pH 


Experiment  4.  Determination  of  Gastric  Acidity.  Hydrochloric  aci 
is  present  in  both  free  and  “combined”  form  in  the  stomach.  The  relativ 
Quantity  of  each  is  of  diagnostic  value.  Samples  of  gastric  juice  are  obtame 
from  fasting  subjects  after  the  stimulation  of  gastric  secretion  by  the  fee. 
ing  of  test  meals  or  by  the  injection  of  histamine.  The  gastric  juice 
strained  and  the  determination  is  performed  on  the  undiluted,  partial 


clarified  fluid.  .  ,. 

Pipette  5  ml.  of  strained  gastric  fluid  into  a  porcelain  evaporating  d  . 

and  dilute  with  10  ml.  of  distilled  water. 

Add  2  drops  of  Topfer’s  reagent  (a  0.5  per  cent  solution  of  P;dmieth> 
amino-azobenzene  in  95  per  cent  alcohol)  and  titrate  with  0.1  N  NaOII  to 
yellow  color  (pH  4).  The  volume  of  alkali  required  represents  the  free  HC 
Now  add  2  drops  of  phenolphthalein  and  continue  the  titration  with  ti 
alkali  until  the  solution  turns  pink  (pH  8.5).  The  second  volume  of  alkc 
represents  the  “combined  acid.”  If  a  pH  meter  is  available  the  determm 
tion  can  be  conveniently  performed  by  titrating  first  to  pH  4  and  recordir 
the  volume  of  alkali  and  then  continuing  the  titration  to  pH  8.5. 

Note-  If  gastric  juice  is  not  available  it  can  be  simulated  by  mixir 
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various  ratios  of  0.2  M  acetic  acid  and  0.2  M  HC1  to  serve  as  “unknowns  ” 
A  pinch  of  casein,  added  to  the  acid  solution,  can  be  used  to  provide  the 

solid  matter  for  the  artifact. 

(а)  Are  any  organic  acids  titrated  when  alkali  is  added  up  to  pH  4? 

(б)  Calculate  the  percentage  of  0.1  N  HC1  which  is  not  titrated  at  pH4. 


Chapter  8  Pancreatic  Digestion 


Pancreatic  juice  contains  trypsin,  a  proteolytic  enzyme;  pancreatic  amylas 
(amylopsin),  an  amylase  similar  in  action  to  ptyalin;  and  pancreatic  lipas* 
a  fat-splitting  enzyme.  Pancreatin  is  the  dried  and  partially  purified  extra* 
of  the  pancreas. 

Experiment  1.  Pancreatic  Digest.  One  week  before  Experiments  2  1 

4  are  to  be  performed,  prepare  a  pancreatic  digest.  Dissolve  0.25  gm.  c 
pancreatin  or  any  other  commercial  trypsin  preparation  in  oO  ml.  of  wate 
Neutralize  to  litmus,  using  0.05  M  sodium  carbonate.  Add,  a  little  at  a  tim 

5  gm.  of  casein,  and  stir  well.  Add  slowly,  with  stirring,  50  ml.  of  0.1  / 
sodium  carbonate.  Preserve  with  toluol  and  incubate  for  a  week  at  38  °C.  in 
stoppered  flask. 


Experiment  2.  Products  of  Pancreatic  Digestion.  Immerse  the  inc 
bated  pancreatic  digest  from  Experiment  1  in  a  boiling  water  bath,  and  aft < 
ten  minutes  add  0.2  M  acetic  acid,  dropwise,  until  the  mixture  is  acid 
litmus.  Cool.  Filter.  Use  the  filtrate  for  Experiment  3. 

(a)  What  is  the  precipitate? 


Experiment  3.  Test  for  Tryptophan.  To  5  ml.  of  filtrate  add  bromii 
water,  drop  by  drop,  until  a  pink  color  develops.  Run  a  control,  using  5  nr 

°f  TiT  another  5  ml.  of  the  filtrate  add  10  drops  of  dilute  sulfuric  acid  (1:1 
and  10  ml.  of  a  10  per  cent  solution  of  mercuric  sulfate  in  M  sulfuric  aci 
Shake.  Allow  to  stand  for  ten  minutes.  Filter.  Use  the  filtrate  for  Expe 

ment  4. 


(a)  What  is  the  precipitate? 


Experiment  4.  Test  for  Tyrosine.  Perform  the  Hopkins-Cole  (p.  IS 
the  Millon  (p.  18)  and  the  xanthoproteic  (p.  18)  tests  on  samples  o 

filtrate. 


(a)  Does  mercuric  sulfate  solution  separate  tryptophan  from  tyrosine? 

(b)  What  amino  acids  are  present  in  the  filtrate. 


For  the  following  experiments  the  student  will  prepare  an  extract  of 
C„™.S  po3 Thf  dilution  ol  Iho  out, mo  »IU  d.p.nd  on  .»  « 

_  i  T  T»  1  •_  _  Af /vntlf'A- 


*  An  excellent  source  of  trypsin  may  be  obtained  from  tb*  jJ‘jg  gt®  ble  £ 

nl-  Tbh:  Tri"  tfir The  ex1 

may  be  extracted  wun  w  Experiments  9  and  10. 

also  contains  pancreatic  amylase  and  lipase  used 
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For  the  Viobin  Pancreas  powder  (see  footnote  p.  58)  ,  extract  0.25  gm  of 
the  powder  with  100  nd.  of  water  and  centrifuge.  Pipette  off 

S“ The  substrate  useVto  tesTfor  tryptic  activity  in  the  f oUo"inS 

s  sersft  w-** 

opaque  negative  is  cut  into  strips  about  V2  by  %  inch  When  trypsin  iees  s 
the  gelatin  of  the  film  strip,  the  reduced  silver  (black)  on  the  cellulose  film 
will  fall  off  and  leave  a  transparent  film.  In  those  cases  where  digestion  has 
not  taken  place,  the  film  strip  remains  black. 


Experiment  5.  Effect  of  Enzyme  Concentration  on  Digestion  Rate. 
Prepare  a  large  beaker  of  water  maintained  at  37  °C.  Prepare  eight  tubes  as 
directed : 


— 

Tube 

1 

2 

3 

4 

5 

6 

7 

8 

ml. 

ml. 

ml. 

ml. 

ml. 

ml. 

ml. 

ml. 

3uffer  pH  8.0 . 

3 

3 

3 

3 

3 

3 

3 

3 

trypsin  . 

3 

2 

1 

0.5 

0.4 

0.3 

0.2 

0 

X^ater  . 

0 

1 

2 

2.5 

2.6 

2.7 

2.8 

3 

Place  all  tubes  in  the  water  bath  at  37  °C.,  and  at  “zero”  time  drop  one 
ilm  strip  into  each  tube,  making  certain  that  the  strip  is  immersed  in  the 
solution.  Gently  rotate  each  tube,  and  when  the  first  two  or  three  tubes  show 
dear  strips,  quickly  add  some  formalin  to  each  tube  and  remove  from  the 
bath.  Decant  the  formalin  and  replace  with  about  5  ml.  of  fresh  formalin. 
After  ten  minutes  decant  the  formalin  and  wash  with  several  changes  of  water. 
Ihe  strips  may  be  placed  emulsion  side  up  on  a  sheet  of  filter  paper  for 
Dbservation,  or  permanently  recorded  by  means  of  transparent  Scotch  tape 
in  your  note  book. 

An  alternate  measurement  in  this  experiment  may  be  to  note  the  time 
:aken  to  clear  the  film  in  each  tube. 

(а)  What  is  the  purpose  of  tube  (8)  ? 

(б)  Define  your  own  unit  of  trypsin  activity. 

(c)  What  is  the  purpose  of  the  formalin? 


Experiment  6.  Effect  of  pH  on  Tryptic  Digestion.  Prepare  the  fol¬ 
lowing  tubes.  Into  each  tube  place  3  ml.  (or  an  amount  found  in  Experi¬ 
ment  5  to  digest  in  a  convenient  time,  e.g.,  fifteen  min.)  of  the  trypsin  solu¬ 
tion.  Into  each  tube  then  place  3  ml.  of  the  appropriate  buffer  solution. 


Tube 

1.  . 
2.  . 

3.  . 

4.  . 


pH  of  Buffer 

5.4 

6 

7 

8 


Place  in  the  water  bath  at  37° 
;ach.  When  the  first  tube  shows 
all  and  compare. 


C.,  and  at  “zero”  time  add  a  strip  of  film  to 
definite  signs  of  digestion,  add  formalin  to 


60  Laboratory  Manual  of  Biochemistry 

(а)  What  is  the  optimum  pH  for  tryptic  digestion? 

(б)  Would  any  of  the  other  tubes  show  activity  if  allowed  to  incubat* 
longer?  Why? 


Experiment  7.  Effect  of  Inhibitors  on  Tryptic  Activity.  Prepare  th 
following  tubes: 


Tube 

Trypsin 

Buffer  pH  8 

Water 

0.2  M  HgCl a 

1 . 

3  ml. 

3  ml. 

•  • 

2 . 

3  ml. 

3  ml. 

#  # 

2  drops 

•  • 

3  ml. 

3  ml. 

•  • 

Repeat  as  for  Experiment  5. 

(а)  What  is  the  nature  of  the  action  of  mercuric  chloride  on  trypsin? 

(б)  What  other  inhibitors  might  you  try? 


Experiment  8.  Effect  of  Temperature  on  Tryptic  Activity.  Prepar 
three  test  tubes  containing  3  ml.  of  buffer,  pH  8,  and  3  ml.  of  trypsin  solu 
tion.  Then 

1.  Incubate  at  37  °C. 

2.  Boil  for  one  minute,  cool  to  room  temperature,  and  incubate  at  37  °C 

3.  Place  in  an  ice-water  bath. 

Add  a  film  strip  to  each  tube  and  allow  to  incubate  until  the  first  tub* 
shows  digestion.  Place  tube  (3)  at  37 °C.  and  allow  it  to  incubate  for  th< 
same  length  of  time. 

(a)  What  temperature  is  optimum? 

( b )  Is  the  effect  of  low  temperature  on  the  enzyme  reversible? 

Experiment  9.  Pancreatic  Amylase.  Prepare  a  0.5  per  cent  extract  o 
a  pancreas  powder,  using  0.05  M  sodium  carbonate  for  the  extraction.  Prc? 
pare  several  test  tubes  as  follows: 

Tube  Pancreatic  Extract  1  Per  Cent  Starch 

1  .  2  ml.  5  ml. 

2  . .  2  ml.  boiled  for  one 

minute  and  cooled  5  ml. 

3  .  2  ml.  of  water  5  ml. 

Incubate  at  37  °C.  for  thirty  minutes.  Cool  and  divide  each  solution  into  tw» 
parts.  Test  one  with  iodine  solution  and  the  other  with  Benedicts  reagent 

(a)  Which  tubes  give  a  positive  iodine  test?  Why? 

(b)  Which  tubes  give  a  positive  Benedict’s  test?  Why? 

(c)  Which  sugar  is  formed? 

Experiment  10.  Pancreatic  Lipase.  Fat  Emulsion.  Add  1  ml.  o- 
olive  oil  to  5  ml.  of  alcohol.  Mix.  Add  an  equal  volume  of  water  and  shak- 
thoroughly.  Add  10  drops  of  phenol  red  and  enough  0.1  M  sodium  carbon* 
to  make  the  mixture  definitely  pink.  Pancreatic  Extract.  Neutraliz. 
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iome  of  the  pancreatic  extract  prepared  for  Experiment  9,  so  that  it  » 
lefinitely  pink  to  phenol  red.  Set  up  the  following  tubes. 


Fat  emulsion. . . . 
Pancreatic  extract 


(1) 

6  ml. 
3  ml. 


(2) 

6  ml. 

3  ml.  boiled  for  1  min¬ 
ute  and  cooled 


incubate  for  twenty  minutes  at  37  °C.  and  observe  the  color  of  the  indicator, 
n  place  of  the  fat  emulsion,  sweet  cream  may  be  used. 

(a)  Explain  the  results.  What  is  the  pH  range  for  phenol  red? 

( b )  How  could  you  make  this  experiment  a  quantitative  one? 


Chapter  9  Bile 


Some  of  the  more  important  constituents  of  bile  are  the  bile  acids,  bile  pig 
ments  and  inorganic  ions.  The  bile  acids  exist  mostly  in  the  form  of  peptid 
linkages  of  glycine  and  taurine  with  cholic  acid,  desoxycholic  acid  an 
lithocholic  acid. 


Experiment  1.  Influence  of  Bile  on  the  Action  of  Lipase.  Prepai 
the  following  mixtures: 


(1) 

(2) 

(3) 

Pancreatic  extract  (p.  58,  footnote)  . 

2  ml. 

2  ml. 

2  ml.  boiled  for  or 

minute,  cooled 

Fat  emulsion  (p.  60)  . 

5  ml. 

5  ml. 

5  ml. 

Bile  (neutralized) . 

•  • 

1  ml. 

1  ml. 

Water  . 

1  ml. 

•  • 

•  •  • 

Shake  each  thoroughly  and  incubate  in  a  beaker  of  water  kept  at  37  °C.  fa 
one  hour.  Shake  each  tube  at  fifteen  minute  intervals.  Wash  the  contents  c 
each  tube  into  a  separate  labeled  beaker  with  20  ml.  of  neutralized  95  pe 
cent  alcohol.  Add  5  drops  of  phenolphthalein  and  titrate  with  0.05  N  sodiui 
hydroxide  to  a  definite  pink  color.  Record  your  results. 

(a)  Which  tube  required  the  most  alkali  for  neutralization?  Why? 

( b )  What  constituent  of  bile  is  responsible  for  this  effect?  Why? 

(c)  What  is  the  effect  of  boiling  on  the  lipase? 

Experiment  2.  Test  for  Bile  Pigments  (Gmelin’s  Test).  Add  3  m 
of  concentrated  nitric  acid  to  a  test  tube,  and  by  means  of  a  pipette  careful! 
place  on  the  surface  of  this  an  equal  amount  of  bile.  Shake  the  tube  gentl_ 

(а)  What  causes  the  play  of  colors? 

(б)  What  is  the  origin  of  the  bile  pigments? 

(c)  What  are  some  of  the  interrelationships  of  the  pigments  of  the  body. 

Experiment  3.  Test  for  Bile  Pigments  (Van  den  Bergh  Test).  Ad 
5  ml.  of  diluted  bile  to  2  ml.  of  freshly  prepared  Ehrlich’s  diazo  reagen 
Repeat  with  water  instead  of  bile. 

(a)  What  do  you  observe? 

( b )  What  are  the  two  important  bile  pigments? 

(c)  In  what  form  are  they  excreted  in  the  urine  and  feces. 

Experiment  4.  Test  for  Bile  Acids.  To  3  ml.  of  bile  diluted  1:5  ad 
a  crystal  of  cane  sugar  and  shake  until  it  dissolves.  Slowly  add  3  ml.  of  co. 
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centrated  sulfuric  acid,  inclining  the  tube  so  that  the  acid  settles  to  the 
bottom.  Gently  rotate  the  tube.  What  is  the  result? 

(a)  What  is  the  chemistry  of  this  reaction? 

( b )  Why  cannot  this  test  be  applied  to  urine? 

Experiment  5.  Effect  on  Surface  Tension.  To  illustrate  the  property 
Df  lowering  surface  tension  which  the  bile  salts  have,  perform  the  following 
test:  Pour  5  ml.  of  bile  into  a  test  tube.  Sprinkle  some  powdered  sulfur  on  the 
surface.  Repeat  the  test,  using  water  instead  of  bile.  What  is  the  difference? 

What  ions  are  present  in  bile? 

Experiment  6.  Isolation  of  Bile  Salts.  Stir  25  ml.  of  ox  bile  with 
iecolorizing  carbon  to  give  a  paste.  Place  in  an  evaporating  dish  on  the  steam 
Dath  until  a  dry  mass  is  obtained.  Grind  to  a  powder  in  a  mortar  and  boil 
vith  50  ml.  of  absolute  alcohol  on  the  steam  bath  for  twenty  minutes.  Filter 
lot  through  a  fluted  filter  paper.  To  the  filtrate,  cooled  to  room  tempera- 
ure,  add  ether  with  mixing  until  the  mixture  is  cloudy.  Allow  to  stand  until 
crystals  form.  Examine  under  the  microscope.  Perform  the  test  for  bile  acids 
inder  Experiment  4  and  try  the  effect  of  a  small  amount  in  place  of  whole 
)ile  in  Experiment  1. 


Chapter  10  Blood 


A  NUMBER  of  chemical  tests  for  blood — which,  incidentally,  do  not  diffe 
entiate  human  from  other  bloods — are  given.  These  include  the  importa- 
hemin  test,  and  the  method  of  detecting  blood  in  a  blood  stain.  Tests  for 
number  of  constituents  are  also  included. 

Experiment  1.  Hemin  Test.  Spread  a  drop  of  blood  (to  form  a  th 
film)  on  a  glass  slide.  Pass  the  slide  back  and  forth  over  a  small  flam 
Slowly  evaporate  until  the  blood  is  quite  dry.  Be  careful  not  to  burn  tl 
blood  when  drying.  To  the  film  add  a  drop  of  M/75  potassium  chloride 
glacial  acetic  acid.  Cover  with  a  slip  and  heat  cautiously  over  a  small  flan 
until  bubbles  appear  and  active  boiling  takes  place.  Immediately  remo 
from  the  flame  and  add  another  drop  of  the  reagent  under  the  slip.  Allow 
cool  and  examine  under  the  microscope.  Make  a  drawing  of  the  crystals 

(a)  Explain  the  formation  of  hemin. 

Experiment  2.  Preparation  of  Hemin.  Heat  150  ml.  of  glacial  acel 
acid  and  5  ml.  of  saturated  sodium  chloride  to  100  °C.  in  a  2  liter  flask.  (U 
sand  bath  under  the  hood.) 

During  the  course  of  twenty  to  thirty  minutes,  55  ml.  of  blood  (fii 
filtered  through  linen  cloth,  if  necessary),  are  dropped  from  a  separato 
funnel  into  the  hot  solvent,  without  interrupting  the  heating.  (The  blood 
not  allowed  to  come  in  contact  with  the  walls  of  the  flask  as  it  flows  in 

After  the  blood  has  been  added,  continue  boiling  the  liquid  gently  f 
fifteen  minutes.  Most  of  the  hemin  separates  out. 

The  mixture  is  cooled  to  40°  to  50°C.  and  filtered  at  this  temperatm 

The  hemin  is  washed  successively  with  50  per  cent  acetic  acid,  waU 
alcohol  and  ether  (25  ml.  each).  Dry.  Examine  under  a  microscope. 

Hand  in  the  hemin  to  the  instructor. 


Experiment  3.  The  Benzidine  Test.  Set  up  test  tubes  each  contaim 
2  ml  of  blood  diluted  as  follows:  1:200,  1:400,  etc.,  until  a  negative  test 
obtained.  To  each  tube  add  3  ml.  of  a  freshly  prepared  saturated  solution 
benzidine  in  glacial  acetic  acid,  and  1  ml.  of  3  per  cent  hydrogen  peroxio 
Shake  each  tube  well.  Note  the  color  developed. 


(а)  What  is  the  mechanism  of  this  reaction?  .  ...  .  .. 

(б)  What  is  the  greatest  dilution  at  which  the  color  change  is  still  visiJt 

according  to  your  experiment? 


Experiment  4.  Tests  for  Constituents, 
of  blood  in  an  evaporating  dish  and  heat  on 


Add  50  ml.  of  water  to  10  r 
a  steam  bath.  Add  two  drops 


•  Sodium  hydroxide  solution  is  effective  in  loosening  dried  blood  from  glass. 
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2  M  acetic  acid  and  continue  heating  for  five  minutes,  until  a  ooagulum 
forms  and  the  supernatant  liquid  is  clear.  Filter.  Reserve  the  precipitate 
(label  A).  Evaporate  the  filtrate  to  one-half  its  volume,  filter,  if  necessary, 
and  perform  the  following  tests  on  the  filtrate:  Benedicts,  chloride,  and 

P  Incinerate  one-fifth  of  the  coagulum  (A)  in  a  porcelain  crucible  (under 
the  hood).  Cool.  Dissolve  in  3  to  5  ml.  of  M  hydrochloric  acid  and  add  1  ml. 
of  0.2  M  potassium  ferrocyanide. 

(a)  Prepare  a  list  of  the  various  constituents  of  blood. 

Experiment  5.  Fibrin.  Perform  Millon’s  (p.  18),  Hopkins-Cole 
(p.  19),  and  biuret  (p.  19)  tests  on  a  small  piece  of  fibrin.  Result? 

(a)  What  is  the  relationship  of  fibrin  to  fibrinogen? 


Experiment  6.  Detection  of  Blood  Stains.  Take  a  sample  of  the 

stained  cloth,  add  3  ml.  of  0.1  M  sodium  hydroxide,  allow  to  stand  for  three 
minutes,  neutralize  (to  litmus)  with  0.2  M  acetic  acid,  remove  the  cloth  and 
i  concentrate  to  dryness  on  the  steam  bath.  Scrape  the  residue  together  and 
treat  a  small  amount  on  the  slide  as  described  under  Experiment  1  (Hemin 
test). 


Experiment  7.  Spectroscopic  Examination  of  Blood.  Set  up  a  series 
of  six  test  tubes  containing  fresh,  defibrinated  blood  diluted  as  follows:  1:50, 
1:100,  1:200,  1:300,  1:400  and  1:500.  Each  solution  should  be  filtered  or 
centrifuged  if  not  clear.  Examine  spectroscopically  in  a  direct  vision  or 
angular  vision  spectroscope. 

The  absorption  bands  are  due  to  oxyhemoglobin.  Make  a  drawing  of  the 
spectrum  showing  the  position  of  the  absorption  bands. 

Add  a  few  drops  of  freshly  prepared  ammonium  sulfide  solution  or,  even 
better,  Stokes  reagent  to  each  of  the  solutions.  Without  shaking,  examine 
immediately  in  the  spectroscope.  Compare  the  absorption  spectrum  of 
reduced  hemoglobin  with  that  of  oxyhemoglobin. 

To  5  ml.  of  diluted  blood  (1:20)  add  2  drops  of  a  freshly  prepared  10  per 
cent  solution  of  potassium  ferricyanide.  Note  the  color  of  the  mixture. 
Examine  spectroscopically.  Dilute  cautiously  until  the  furthest  band  to  the 
left  is  most  prominent.  This  is  the  absorption  spectrum  of  neutral  methemo- 


!S  ^  t0  ma^e  ^le  spectroscopic  examination  of  the 

lub^contammg  hemogkbin  immediately,  and  also  to  avoid  shaking’ 

(6)  How  is  human  blood  distinguished  from  animal  blood’ 

0<  •"«“*“  »«i°»  one  specific 

’“8h*  »'  ■»<!  ke. 

(e)  What  is  the  percentage  of  iron  in  hemoglobin? 

(/)  Describe  a  theory  of  blood  coagulation.8 


Chapter  11  Colorimetry 


Colorimetric  methods  for  quantitative  chemical  determinations  are  basec 
on  the  possibility  of  converting  the  constituent  to  be  estimated  into  a  sub 
stance  whose  solution  (or  suspension)  is  highly  colored.  Many  substance? 
will  react  with  suitable  reagents  to  form  soluble  end  products  of  such  intense 
coloration  that  micro  quantities  may  be  determined. 

All  colored  solutions  absorb  some  light.  Lambert  investigated  the  relation 
ship  between  the  intensity  of  the  incident  and  the  transmitted  light,  in  term: 
of  the  thickness  of  the  layer  of  solution  through  which  it  passes.  His  con 
elusions — Lambert’s  law — can  be  summarized  as  follows: 

logio  —  =  k't 

I 


Io  =  Intensity  of  incident  light 
/  =  Intensity  of  transmitted  light 

t  =  Thickness  of  the  layer  of  solution  traversed  by  the  light 
k’  A  constant  whose  value  depends  on  such  factors  as  units,  solvent, 
temperature,  wavelength,  and  so  on. 

Beer  studied  the  relation  between  the  concentration  of  the  colored  solution 
and  the  amount  of  monochromatic  light  absorbed  by  it.  His  law  can  b* 
formulated  thus: 


c  =  The  concentration 

—  A  constant  whose  value  depends  upon  such  factors  as  those  men¬ 
tioned  above 


By  combining  the  two  laws,  the  Lambert-Beer  relationship  may  be  applies 
to  simultaneous  variations  of  t  and  c. 


Io 


logio  —  —  ket 
I 


Solutions  of  simple  colored  substances  have  been  found  to  obey  t 
Lambert-Beer  law  rigidly  if  the  conditions  are  adhered  to.  However,  in  prac 
tice  the  source  of  light  is  seldom  monochromatic,  and  the  law  is  not  alway 
strictly  applicable.  Also,  changes  in  light  absorption  may  occur  when  assc 
ciation,  dissociation  or  a  shift  in  equilibrium  accompanies  dilution  of  th 
solution.  The  law  does  not  take  such  factors  into  consideration. 

A  variety  of  instruments  have  been  devised  for  measuring  or  matchin. 
the  colors  of  solutions.  By  applying  the  Lambert-Beer  relationship  to  sue 
measurements  a  quantitative  determination  may  be  performed. 

66 
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VISUAL  COLORIMETRY 

The  Duboscq  colorimeter  was  designed  for  visual  matching  of  colms, 
using  a  white  or  incandescent  tungsten  light  source.  Since  it  »  « >  co ° ^  co 
parator,  it  is  necessary,  in  performing  quantitative  estimations  with  it,  to  ru 
a  standard  solution  of  known  concentration  along  with  the  unblown.  Th  , 
if  both  samples  are  treated  identically,  the  final  colored  solutions  may  be 
matched  by  varying  the  thickness  of  the  layers  traversed  by  light  of  the  same 
intensity.  Under  these  conditions  the  Lambert-Beer  law  gives 

log10  —  =  kciti  and  logio  y  =  kc2t3 
Since  /0,  /  and  k  are  the  same  in  both  cases, 

Citi  —  C2ta 


Ci  ts 

or  —  =  — 

Ca  ti 

This  formula  is  usually  expanded  to  make  it  more  convenient  for  the  calcula¬ 
tion  of  blood  constituents. 

C.=  *Lxm.X™X± 

RU  v  Ds 

where  Cu  ~  milligrams  of  unknown  per  100  ml.  of  blood  or  “milligram  per  cent” 
m,  =  number  of  milligrams  of  the  constituent  in  the  standard  solution 
Ru  =  reading  of  the  unknown  cup 
R,  =  reading  of  the  standard  cup 

v  =  volume  of  blood  actually  used  in  the  color  production 
Du  =  volume  to  which  the  unknown  is  diluted 
D,  =  volume  to  which  the  standard  is  diluted 

Example.  For  details  of  the  methods  used  in  this  example,  see  Experi¬ 
ment  1  (Preparation  of  a  Protein-Free  Blood  Filtrate,  p.  79)  and  Experi¬ 
ment  8  (Determination  of  Creatinine,  p.  95). 


m, 

v 

R. 

R« 

Du 

D, 


0.030  mg.  (5  X  0.0060  mg.) 

1.00  (10.00  ml.  of  filtrate  =  1.00  ml.  blood) 
15.0 

17.3  av. 

15  (10.00  +  5.00) 

30  (5.00  +  15.00  +  10.00) 


Fu  —  — —  X  0.030  X  -  X - =  1.3  mg.  per  100  ml. 

17.3  1.00  30 

The  operation  of  a  colorimeter  is  as  follows: 

Light  from  a  source  of  uniform  intensity  is  transmitted  in  parallel  ravs  bv 
the  mirror  (/)  (Fig.  11)  through  the  two  fluids  to  be  compared.  These  solu¬ 
tions  are  contained  in  metal-jacketed,  thick-walled,  cylindrical  cups  (H) 
The  bottom  of  each  cup  is  formed  by  a  plate  of  clear  glass.  The  cups  are  sun’ 
ported  on  a  movable  platform  which  may  be  raised  or  lowered  by  a  rack  and 
pinion.  Two  fixed,  clear  glass  plungers  (C)  enter  the  liquids  as  the  cups  are 
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raised.  The  distance  between  the  lower  surface  of  the  plunger  and  the  bottom  | 
of  the  cup  may  be  read  from  a  millimeter  scale  equipped  with  a  vernier  on 
the  side  of  the  instrument.  Thus  the  thickness  of  the  layers  of  the  colored 
liquids  through  which  the  light  passes  is  obtained. 


A — Eyepoint 
B — Eye  lens 
C — Collective 
D — Cover  glass 
E — Bi-prism 
F — Rhomboid  prisms 
G — Plungers 
H — Cups 
I — Mirror 


Fig.  11.  Sectional  view  of  colorimeter.  (Bausch  &  Lomb  Optical  Co.) 


The  light  enters  the  plungers,  and  is  reflected  by  a  pair  of  prisms  (F) 
through  several  lenses  (E,  D,  C  and  B)  and  to  the  eye.  The  circular  field 
appears  split  in  two,  each  half  of  which  is  due  to  the  light  transmitted  through. 

the  liquid  in  each  of  the  two  cups. 
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tM  ssti  sirrK 


JO 

”fnufilder  of  points  should  be  kept  in  mind  in  the  use  ofJeinst-menU 
1  Care  must  be  taken  that  the  source  of  light  is  such  that  both  held* 
will" beequally  illuminated.  Special  colorimeter  illuminators  may  be  poured 
for  this  purpoL.  Extraneous  light  leaks  may  be  minimized  by  using  the  slneld 
with  which  the  instrument  is  equipped.  One  may  test  for  evenness  of  illumi¬ 
nation  by  filling  both  cups  with  the  same  colored  solution,  setting  b 
scales  at  the  same  reading,  and  noting  whether  the  two  fields  match.  If  they 
do  not,  sometimes  a  slight  shift  in  the  angle  which  the  colorimeter  makes  to 
the  light  source  will  correct  the  difficulty.  (Uneven  lighting  is  frequently 
caused  by  injury  to  the  mirror  due  to  spilling  chemicals  on  it.  This  should  be 
avoided  by  only  half  filling  the  cups— more  solution  may  be  added  later  if 

necessary.)  .  ,  , 

2.  When  the  bottoms  of  the  plungers  are  in  contact  with  the  bottoms  ot 

the  cups,  the  readings  on  both  scales  should  be  zero.  If  such  is  not  the  case, 
corrections  should  be  made. 

3.  The  depth  of  the  layer  of  one  of  the  solutions  is  usually  set  at  a  con¬ 
venient  point  about  midway  on  the  scale.  The  height  of  the  other  cup  is  then 
adjusted  until  the  color  intensities  of  the  two  fields  match.  Five  to  ten  inde¬ 
pendent  and  successive  adjustments  should  be  made,  and  an  average  of  the 
readings  used  for  calculations. 

4.  The  two  solutions  must  be  perfectly  clear  and  of  similar  color,  or  no 
comparison  can  be  made. 

5.  Owing  to  the  fact  that  many  of  the  reactions  performed  in  blood  and 
urine  analysis  yield  colored  substances,  the  concentration  of  which  depends 
on  the  temperature,  time  of  heating  or  standing,  concentration  of  reagents, 
pH,  and  so  forth,  it  is  imperative  that  the  standard  and  unknown  be  treated 
identically.  Also,  since  many  of  the  colors  formed  require  time  to  reach  a 
maximum  intensity  and  then  fade,  neither  too  short  nor  too  long  a  period 
must  elapse  before  a  comparison  is  made  in  the  colorimeter. 

6.  Since  the  incident  light  is  not  monochromatic,  the  Lambert-Beer  law 
applies  only  as  a  good  approximation.  It  holds  best  when  ci  c2,  for  then 
both  solutions  are  of  the  same  concentration  and  all  factors  are  equalized. 
For  good  results,  the  standard  and  unknown  should  have  almost  the  same 
color  intensity.  Or,  in  other  words,  the  readings  on  both  scales  should  be 
close.  If  they  are  far  apart,  it  is  advisable  to  repeat  the  determination,  using  a 
standard  which  has  a  concentration  nearer  that  of  the  unknown.  This  is 
especially  true  when  the  color-forming  reaction  is  complex.  For  example,  if 
one  cup  is  set  at  20,  and  if,  upon  obtaining  a  color  match,  the  other  cup  is 
found  to  be  lower  than  10  or  higher  than  30,  another  standard  should  be 
used.  Accurate  results  will  not  be  obtained  by  diluting  the  deeper  colored 
final  solution,  inasmuch  as  under  these  circumstances  the  two  solutions  will 

dilution6  1,66,1  trea‘ed  identicaUy-  A  Shift  in  e<luiia>rium  may  accompany  the 
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PHOTOELECTRIC  COLORIMETRY 

The  photoelectric  colorimeter  and  the  spectrophotometer  have  proved  t 
be  valuable  tools  in  quantitative  analysis,  particularly  in  biological  chemists 
rhese  instruments  use  photoelectric  cells,  either  of  the  emissive  or  barrie 
layer  type,  as  a  substitute  for  the  eye.  When  light  strikes  such  a  cell,  there  : 
a  flow  of  electric  current,  which  can  be  made  to  be  directly  proportional  t 
the  light  intensity.  This  current  may  be  measured  by  a  microammeter, 
galvanometer  or,  in  the  case  of  null  point  instruments,  by  a  combination  c 
variable  resistances  and  galvanometer.  Photoelectric  cells,  though  not  quit 
so  sensitive  as  the  eye  in  detecting  visible  light,  are  far  superior  to  it  in  thei 
ability  to  match  or  make  quantitative  estimations  of  light  intensities. 

The  advantages  claim  for  the  photoelectric  method  over  visual  method 
of  analysis  are  (1)  elimination  of  the  subjective  factor  inherent  in  visuc 
comparative  measurements,  (2)  greater  accuracy,  (3)  extension  of  the  rang 


*1, 


*1* 


Fig.  12.  Photoelectric  measurement  of  intensity. 


of  colorimetric  analysis  to  pale  colors,  and  (4)  determinations  in  the  presenc 
of  interfering  colors.  With  the  exception  of  the  first  advantage,  the  other 
stem  from  the  use  of  more  nearly  monochromatic  light  in  this  type  of  instru 
ment.  To  achieve  this,  the  light  from  an  incandescent  tungsten  source  i 
first  filtered  through  colored  glass.  On  emerging,  all  but  a  comparatively 
narrow  spectral  region  has  been  removed.  In  the  case  of  spectrophotometers 
only  a  small  portion  of  the  tungsten  spectrum  is  used  as  the  incident  light 
Thus  the  sensitivity  of  the  instrument  is  enhanced  and  a  stricter  applicatioi 
of  the  Lambert-Beer  law  becomes  possible. 

In  photoelectric  colorimetry,  as  with  visual  colorimetry,  the  Lambert-Bee 
law  is  the  basis  for  every  exact  method.  If,  in  the  relationship 

i  Io  i 

logio  —  =  kct 

the  concentration,  c,  is  expressed  as  moles  per  liter,  and  the  thickness  o  \ 
layer,  t ,  in  centimeters,  then  k  becomes  the  molar  extinction  coefficient  i 
usually  designated  as  e.  This  coefficient  is  characteristic  of  the  solution  fo- 

incident  light  of  any  one  wavelength. 

In  practice  it  is  far  simpler  to  achieve  accuracy  by  comparing  the  intensity 
of  the  light  transmitted  by  a  standard  solution  (/ 1)  with  that  of  the  unknown 
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f/2)  (see  Fig.  12).  When  the  incident  light  intensity  (70)  is  kept  constant 
and  the  thickness  (t)  of  layer  of  the  liquids  is  the  same,  then 

logio  —  =  kcit  and  logio  —  kc2t 
&  Ii  is 

The  relationship  of  70,  7  and  c  may  be  expressed  in  various  forms 


logio 


^  =  kc  =  E  (extinction)  or  D  (optical  density) 
F 

—  =z  e  (extinction  coefficient) 
t 


logio  —  —  —  kc  and 

Io 

—  =  T  (transmittancy) 

Io 

logio  T  =  —  kc 

When  applied  to  calculations  based  on  photocolorimetric  measurements  of 
unknown  and  a  standard  solution,  the  general  equation  is: 


Ci 

C2 


!  Io 
logio  — 

I* 


log 


Io 

10  — 
I« 


h 

E„ 


logio  Io  —  logio  I* 
logio  Io  —  logio  Iu 


This  may  be  expanded  for  convenient  use  to 

G,=  —  Xm.  X— X  — 

R,  v  D, 


where  Cu  =  milligrams  of  unknown  per  100  ml.  of  blood 

m,  =  number  of  milligrams  of  the  constituent  in  the  standard  solution 
Ru  =  Optical  density,  or  2  —  log  of  the  transmittance  reading  of  the  unknown 
solution 

R,  =  Optical  density,  or  2  —  log  of  the  transmittance  reading  of  the  standard 
solution 

v  ==  volume  of  blood  actually  used  in  the  color  production 
=  volume  to  which  the  unknown  is  diluted 
D«  =  volume  to  which  the  standard  is  diluted 

Example.  For  details  of  the  methods  used  in  this  example,  see  Experi¬ 
ment  1  (Preparation  of  a  Protein-Free  Blood  Filtrate,  p.  79)  and  Experi¬ 
ment  8  (Determination  of  Creatinine,  p.  95). 

m.  =  0.030  mg.  (5  X  0.0060  mg.) 

v  =  1.00  (10.00  ml.  of  filtrate  =  1.00  ml.  blood) 

5“  =  ^ptical  density)  or  50.1  per  cent  transmittance 

n  =  den!ity)  0r  31'6  per  cent  transmittance 

D„  =  15  (10.00  -f  5.00) 

D.  ==  30  (5.00  +  15.00  +  10.00) 


C.  = 


1.30 

- - X  0.030  X 

1.50 


100 

1.00 


X 


15 

30 


1.3  mg.  per  100  ml. 
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or 

C.  =  2  -  l08“  5al  X  0.030  X  “»  X  “ 

2  —  logu  31.6  1.00  30 

—  -  X  0.030  X  -  X  — —  =  1.3  mg.  per  100  ml. 

1.50  1.00  30 

When  it  is  expected  that  many  determinations  of  the  same  constituent 
will  be  performed,  instead  of  running  a  standard  along  with  each  unknown^ 
the  photoelectric  colorimeter  may  be  calibrated.  This  is  done  by  making  up  a 
series  of  known  solutions  of  the  constituent — ranging  from  the  lowest  to 
the  highest  expected  concentration.  Each  is  treated  in  strict  accordance  with 
the  method.  The  transmittance  of  each  is  measured.  From  these  data  a  calibra-i 
tion  curve  may  be  drawn  by  plotting  the  transmittancies  directly  against  the 
concentrations.  Other  convenient  choices  of  coordinates  are  shown  in  Figure 
13,  D,  using  semilogarithmic  graph  paper.  Theoretically  these  latter  curves 
are  linear,  and  two  points  should  fix  the  straight  line.  Actually,  with  most 
instruments,  especially  when  a -large  concentration  range  is  covered,  the 
curve  deviates  from  a  straight  line,  especially  at  the  higher  concentrations! 
For  this  reason  it  is  advisable  to  run  many  standards  in  order  to  fix  the 
calibration  curve. 

Colorimeters  using  the  barrier  layer,  self-generating  type  of  photocell  fall 
into  two  groups:  the  direct  reading,  single  photocell  type,  and  the  null  pointy 
double  photocell  type.  A  schematic  diagram  of  the  former  type  is  shown  in 
Figure  14.  The  light  source  is  an  incandescent  tungsten  filament  which  is 
kept  at  constant  intensity  by  using  a  storage  battery  or  voltage  regulator  as 


CONC.  CONC 


CONC. 


Fig.  13. 


CONC. 
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lie  current  source.  After  passing  through  the  chosen  optical  filter  Ae 
emergent  light  is  somewhat  more  homogeneous  in  wavelength.  Upon  trav 
irsing  the  solution,  which  is  placed  in  tubes  or  cuvettes  of  constant  t 
less,  some  light  is  absorbed;  whatever  is  transmitted  falls  upon  the  photoc  , 
generating  an  electric  current  the  magnitude  of  which  is  measured  by  a 
galvanometer  or  microammeter. 


Fig.  14. 

=  battery;  L  =  lamp;  F  =  filter;  A  =  tube  containing  solution;  P  = 

cell ;  R1R2  =  potentiometers ;  G  =  meter. 


photoelectric 


Fig.  14. 

p;  r  —  niter;  A  —  tube  containing  sum 
cell ;  R1R2  =■  potentiometers ;  G  =  meter. 

A  schematic  diagram  of  a  double  photocell  colorimeter  is  shown  in  Figure 
15.  Various  modifications  of  the  bridge  circuit  have  been  used.  In  this  case, 
filtered  light  from  a  single  source  reaches  both  photocells.  If  the  cells  are 
natched,  there  is  no  need  to  control  the  lamp  voltage,  since  any  light  fluctua- 
ions  affect  both  cells  equally.  The  light,  falling  directly  on  one  photocell, 
called  the  “reference  cell,”  causes  a  current  to  be  generated.  Light  of  the  same 
initial  intensity  passes  through  the  colored  solution  before  striking  the  second 
photocell.  This  “working  cell”  also  generates  a  current,  but  less  than  that  of 
the  “reference  cell,”  since  some  light  was  absorbed  while  traversing  the 
solution.  By  varying  a  resistance  in  the  bridge  circuit,  the  two  currents  may 
be  balanced,  the  galvanometer  acting  as  a  null-point  indicator.  Since  the 
variable  resistance  is  calibrated,  the  reading  taken  directly  from  it  is  a 
measure  of  the  transmittancy  of  the  solution. 

The  procedure  for  the  use  of  a  photoelectric  colorimeter  is  as  follows: 
.4  suitable  filter  is  chosen  and  placed  in  the  light  path.  The  light  is  switched 
Dn  and  the  instrument  given  five  to  ten  minutes  to  come  to  equilibrium.  The 
reference  solution  solvent  or  blank — is  placed  in  a  tube  or  cuvette.  This  is 
inserted  in  the  colorimeter  in  the  path  of  the  filtered  light.  An  adjustment  is 
made  so  that  the  meter  reads  full  scale  (100)  for  a  direct  reading  instrument  j 
Dr  with  a  two-cell  instrument  the  galvanometer  is  brought  to  its  zero  point 
in  an  appropriate  manner.  This  is  the  /0  value,  often  called  100  per  cent 
transmission.  Without  further  changes  the  reference  solution  is  immediately 
replaced  by  the  unknown,  which  is  contained  in  an  identical  cuvette.  The 
meter  is  read  if  it  is  a  direct  reading  instrument.  In  the  balanced  circuit  the 
ramble  resistor^  changed  until  the  galvanometer  once  more  reads  zero 
deflection.  The  dial  reading  is  taken.  This  is  the  I  value.  The  process  is  re- 

Xion.0'  3  SeC°nd  SamP  *  °r  f°r  °btaininS  the  value  of  the  k"°wn  standard 

The  meter  or  dial  graduations  of  various  instruments  differ.  Some  are 
rnear,  some  logarithmic;  some  have  both  scales.  If  a  linear  scale  is  used. 
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the  second  reading  is  the  transmittancy  (T),  sometimes  called  per  cer 

transmittancy.  Then  the  relationship^  =  logio  To  —  logio  T„  „ 
i  •  i  . ,  .  ,  ,  C,  l°gio  T0  —  log10  T,  p 

scale  is  logarithmic,  the  second  reading  is  optical  density  ( D ).  In  this  cas 

the  concentrations  are  directly  proportional  to  the  readings  if  the  Lamber 

C  F) 

Beer  law  holds  and  the  relationship— -  =  applies. 

Co  Do 


Slo  . 


5uj. 


Fig.  15.  Double  photocell  colorimeter. 
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For  more  detailed  descriptions  and  directions  in  the  use  of  any  specific 
photoelectric  colorimeter,  the  student  is  referred  to  the  manufacturers 

pamphlets. 

SPECTROPHOTOMETERS 

These  instruments  differ  from  filter  photometers  primarily  in  source 
of  the  incident  light.  By  means  of  a  prism  or  a  diffraction  grating  a  spec 


OPTICAL  DENSITY  AND  %  TRANSMITTANCE  SCALES 


galvanometer 

INDEX 


76  Laboratory  Manual  of  Biochemistry 

is  obtained,  a  small  region  of  which  is  used  for  the  incident  light.  The  di 
jiersion,  and  so  the  “monochromaticity”  of  the  light,  depends  on  the  sli 
width  in  the  optical  system.  By  turning  a  calibrated  dial,  the  chosen  ligl 
t.™  t0  Pass  though  the  solution,  and  so  to  the  photocell  (se 

e^ectl‘ical  system,  the  procedure  for  use,  the  calculations  and  tf 
calibration  are  the  same  as  for  filter  photometers. 


FILTERS 

The  great  advantage  of  photoelectric  colorimeters  is  in  their  use  of  filter i 
The  incident  light  thereby  becomes  a  comparatively  narrow  spectral  bam 
Most  of  the  filters  used  are  made  of  glass.  They  are  permanent  and  stabl<l 
The  narrowness  of  the  band  of  light  transmitted  by  them  depends  on  tb 
glass  itself  and  its  thickness.  A  combination  of  several  different  glasses  : 
sometimes  used  to  isolate  a  narrow  spectral  region.  In  general,  at  50  per  cer 
transmission,  the  band  width  ranges  from  25  to  75  millimicrons.  Toda 
interference  filters  are  available  that  give  an  extremely  narrow  spectral  ban 
and  yet  have  a  very  high  transmission. 

Greatest  sensitivity  is  obtained  when  the  transmittancy  is  measured  witi 
light  whose  wavelength  coincides  with  the  region  of  maximum  absorptio 
of  the  solution.  Since  most  photoelectric  colorimeters  are  provided  with 
limited  number  of  filters,  this  condition  may  be  approximated  by  choosin 
one  whose  color  is  complementary  to  that  of  the  solution. 


Solution  color 
Purple 

Orange  to  red 

Yellow 

Blue 


Filter  color 
Green 

Blue  to  blue-green 

Blue 

Red 


Sometimes  there  is  reason  for  not  making  this  choice:  for  example,  in  th 
determination  of  a  colored  constituent  in  the  presence  of  an  interfering  coloi 
Here  the  filter  of  choice  is  a  compromise  between  the  one  that  yields  light  o 
the  wavelength  absorbed  least  by  the  interference,  and  that  absorbed  most  b 
the  constituent  to  be  determined.  Another  exception  is  often  made  f» 
practical  purposes.  When  a  method  may  not  be  varied  and  the  resulting  proa 
uct  is  deeply  colored,  the  use  of  the  theoretically  best  filter  may  cause  si 
much  light  to  be  absorbed  that  photocell  response  is  weak.  In  such  a  cas- 
better  readings  may  be  obtained  if  the  color  of  the  filter  which  is  chosei 
approaches  that  of  the  solution. 

Experiment  1.  Absorption  Spectra  of  Hemoglobin  and  Its  Derivatives 
Determination  of  the  exact  wavelength  for  maximum  absorption  of  light  bi 
colored  solutions  is  of  importance  in  photocolorimetric  determinations 
This  information  enables  one  to  choose  the  proper  filter  in  the  case  of  photo 
electric  clorimeters  like  the  Klett-Summerson  or  Leitz,  or  the  correct  wave 
length  in  the  case  of  spectrophotometers  like  the  Beckman  or  Coleman.  I 
also  enables  one  to  determine  whether  it  is  possible  to  distinguish  amon$ 
several  colored  constituents  present  together  in  the  same  solution.  Deter 
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mination  of  the  complete  visible  absorption  spectra  for  hemoglobin  and  its 

derivatives  serves  to  illustrate  t^^  Pr^len^  heparin  as  an  anti- 

Oxyhemoglobin.  Draw  5  ml.  ot  b  b  u  . wire  bv 

coagulant.  Centrifuge  the  cells,  discard  the  plasma  and  wash  twee  by 

centrifugation  with  10  ml.  portions  of  0.9 P^'rV'  ^'fe  bnffer  nH  6  6 
the  red  cells  with  500  times  their  volume  of  M/15  phosphate  buffe  p  •  • 
Mix  and  centrifuge  to  clarify  if  necessary.  Fill  one  cuvette  widi  the 
oxyhemoglobin  solution  and  another  with  the  phosphate  buffer  wine 
serve  as  the  blank.  Set  the  blank  to  100  per  cent  transmission  (zero  density) 
and  read  the  absorption  of  the  oxyhemoglobin  solution  in  terms  of  densi  y. 
This  is  done  for  each  wavelength  setting  from  400  to  700  m/*.  Take  readings 
at  close  intervals  of  wavelength  near  the  maximum  or  minimum  points  oi 
transmission.  Plot  the  curve  of  density  against  wavelength. 

Reduced  Hemoglobin.  Prepare  Stokes’  reagent  as  follows:  to  a  mix¬ 
ture  of  2  gm.  ferrous  sulfate  and  3  gm.  tartaric  acid  dissolved  in  100  ml. 
of  water,  add  ammonium  hydroxide  drop  by  drop  until  the  precipitate 
which  first  forms  completely  dissolves.  This  is  a  reducing  agent:  ammonium 
ferro-tartrate.  Add  2  drops  of  Stokes’  reagent  to  10  ml.  of  oxyhemoglobin 
solution.  Add  the  same  quantity  to  the  blank.  Repeat  the  determination  of  the 
absorption  curve. 

Carboxyhemoglobin.  Bubble  gas  containing  CO,  through  a  portion 
of  the  oxyhemoglobin  solution  for  a  few  minutes.  Use  a  well-ventilated  hood. 
Repeat  the  determination. 

Methemoglobin.  Add  1  drop  of  freshly  prepared  1  per  cent  solution 
of  potassium  ferricyanide  to  10  ml.  of  the  oxyhemoglobin  solution.  Treat 
the  blank  in  the  same  manner.  Repeat  the  determination. 

Cyanmethemoglobin.  Add  1  drop  of  a  sodium  cyanide  solution  to 
10  ml.  of  the  methemoglobin  solution.  Do  the  same  for  the  blank  used  in  the 
methemoglobin  determination.  Repeat  the  determination. 


(а)  Write  the  essential  features  of  the  chemical  reactions. 

(б)  Of  what  practical  value  is  the  information  derived  from  this  experi¬ 
ment. 

(c)  From  your  curves,  work  out  a  method  for  the  determination  of 
methemoglobin  in  a  specimen  of  blood.  Check  your  results  with  the  method 
reported  by  Evelyn  and  Malloy,  J.  Biol.  Chem.  126 ,  655  (1938). 


Chapter  12  Determinations  of  Various 

Constituents  in  MBiood 

The  standard,  time-proven  methods  outlined  in  this  chapter  were  selectee 
with  the  view  of  acquainting  the  student  with  as  large  a  variety  of  procedures 
as  possible:  volumetric,  gasometric  and  colorimetric.  Most  of  the  colorimetric 
methods  were  originally  designed  for  use  with  a  visual  colorimeter.  They 
have  not  been  modified.  However,  the  wavelength  at  maximum  light  absorp¬ 
tion  (or  the  filter  color)  is  noted  in  each  case  for  the  benefit  of  photocolor¬ 
imeter  users.  In  a  few  cases  the  coloration  of  the  end  products,  under  the 
conditions  outlined,  is  so  intense  that  the  readings  on  some  photoelectric 
colorimeters  fall  outside  their  range  of  maximum  sensitivity.  This  occurs 
when  the  filter  used  is  of  low  transmission  and  narrow  spectral  range.  Then 
it  is  suggested  that  the  instructor  either  modify  the  method  by  decreasing 
the  concentration  of  the  constituent,  or  by  choosing  a  more  appropriate 
filter.  For  example:  In  the  Folin-Wu  glucose  determination,  2.00  ml.  of 
tungstic  acid  blood  filtrate  are  used.  If  it  is  found,  when  using  the  recom¬ 
mended  red  filter  to  measure  the  light  intensity  transmitted  by  the  deep 
blue  solution,  that  the  photoelectric  colorimeter  readings  are  unsatisfactory, 
either  1.00  ml.  of  tungstic  acid  filtrate  plus  1.00  ml.  of  water  may  be  used, 
or  a  blue  filter  may  be  substituted  for  the  red  one. 

Each  of  the  colorimetric  methods  describes  the  procedure  for  the  simulta¬ 
neous  reaction  of  an  unknown  and  a  standard.  If  it  is  desired  to  obtain  a 
calibration  curve  when  photoelectric  colorimeters  are  used,  a  series  of 
standards  covering  the  expected  range  may  be  prepared  and  treated  in  the 
manner  described  for  the  standard.  Explicit  directions  for  preparing  a  cali¬ 
bration  curve  are  given  for  the  determinations  of  glucose,  nonprotein 
nitrogen  (p.  81),  and  sulfonamides  (p.  101).  These  serve  as  examples  ofi 
the  procedure. 

During  the  course  of  a  five  hour  laboratory  period  each  student  can 
perform,  in  duplicate,  the  determination  of  one  blood  constituent.  For  thi » 
purpose  he  may  be  supplied  with  blood  freshly  drawn  from  an  animal,  e.g.,  a: 
rabbit.  The  instructor  can  withdraw  25  ml.  of  blood  by  direct  cardiac  punc-< 
ture,  using  heparin  as  an  anticoagulant.  By  a  slight  modification  of  the 
amounts  of  whole  blood  needed  for  any  determination,  this  quantity  will 
suffice  for  a  class  of  ten  to  twelve  students.  Besides  the  determination  om 
blood,  the  student  may  also  perform  his  experiment  on  an  “unknown”  solu¬ 
tion  to  test  his  mastery  of  the  technic. 

The  unknowns  are  aqueous  solutions  of  the  various  substances  being 
determined.  Since  they  contain  no  protein,  the  usual  procedure  for  the  re¬ 
moval  of  proteins  is  omitted;  instead  the  unknown  is  quantitatively  diluted! 
to  the  volume  of  the  protein-free  filtrate.  This  is  necessary  because  the  i 
unknowns  are  made  up  in  the  same  range  of  concentration  as  they  are  found 
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solution  from  which  standards  can  be  prepared  as  well. 

Experiment  1.  Preparation  of  a  Protein-Free  Blood  Filtrate.  The 
blood  is  laked  with  dilute  sulfuric  acid.  Upon  adding  sodium  tungstate 
solution,  tungstic  acid  is  formed,  which  precipitates  the  proteins.  Remova 
of  the  precipitate  leaves  a  filtrate  which  contains  only  the  nonprotem  blood 
constituents.  The  procedure  is  carried  out  quantitatively  so  that  1.00  ml. 

of  filtrate  is  equivalent  to  0.10  ml.  of  blood. 

Procedure.  Mix  the  sample  of  blood  in  order  to  obtain  a  uniform  sus¬ 
pension  of  cells. 

Pipette  5.00  ml.  of  the  well-mixed  blood  into  a  dry  125  ml.  Erlenmeyer 
flask.  (Allow  the  pipette  to  drain  slowly.) 

Add  40.0  ml.  of  N/ 12  sulfuric  acid  and  mix  well.  (A  burette  is  convenient 
for  this  addition.) 

Add,  drop  by  drop  and  with  constant  shaking  of  the  flask,  5.00  ml.  of  10 
per  cent  sodium  tungstate  solution.! 

Stopper  and  shake  vigorously.  (If  conditions  are  right,  no  permanent 
foam  should  form,  and  the  coagulum,  which  is  at  first  pink,  should  change 
to  brown.  If  the  brown  color  does  not  develop,  coagulation  is  incomplete. 
This  may  be  due  to  an  excess  of  anticoagulant  or  incorrect  concentrations  of 
the  reagents.) 

Allow  the  flask  to  stand  for  fifteen  minutes,  shaking  at  five  minute 
intervals.! 

Have  ready  a  dry,  folded  filter  paper  in  a  dry  funnel,  beneath  which  is  a 
dry  125  ml.  Erlenmeyer  flask. 

Pour  a  little  of  the  mixture  onto  the  double  portion  of  the  filter  paper. 
When  the  whole  paper  has  become  wet,  pour  the  remainder  of  the  mixture 
into  the  funnel. 

Cover  the  funnel  with  a  watch  glass  and  collect  the  protein-free  blood 
filtrate.  (It  should  be  perfectly  clear  and  colorless.  If  the  first  small  amount 
of  the  filtrate  is  cloudy,  it  should  be  refiltered.) 


(a)  What  do  we  mean  by  “nonprotein  nitrogen”? 

(b)  If  protein  precipitants  other  than  alcohol  are  used,  what  substances 


other  than  proteins  are  carried  down? 


(c)  What  two  protein  precipitants  are  now  most  generally  used? 

( d )  Name  several  other  protein  precipitants. 

(e)  What  are  some  of  the  objections  to  (d)  ? 

(/)  What  are  some  of  the  advantages  of  trichloracetic  acid? 


jjiuiciu-iree  nitrate. 


S  it  will  result  in  a  greater 
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(&)  Why  is  the  filtrate  from  the  tungstic  acid  nearly  neutral? 

{h)  Why  must  the  solution  of  the  10  per  cent  sodium  tungstate  be  neither 
too  acid  nor  too  alkaline? 

(i)  Why  is  it  necessary  to  shake  the  flask  constantly  on  adding  the  acic 
and  tungstate? 

(/)  What  is  the  principal  source  of  error  in  this  procedure? 

{k)  In  what  determinations  is  it  necessary  to  use  a  protein  precipitan 
other  than  tungstic  acid? 

Reagents: 

10  Per  Cent  Sodium  Tungstate  Solution.  Dissolve  100  gm.  of  C.P 
sodium  tungstate  in  900  ml.  of  water.  This  solution  should  be  neutral  tc 
phenolphthalein;  if  necessary,  add  sodium  hydroxide  or  sulfuric  acid  tc 
make  it  so. 

N/ 12  Sulfuric  Acid.  Add  2  ml.  of  concentrated  sulfuric  acid  (18  AT 
to  862  ml.  of  water  in  a  liter  measuring  cylinder.  Mix  well  and  transfer  to  s 
clean,  dry  bottle.  Check  the  normality  by  titration  with  0.1  N  sodiun 
hydroxide. 

Experiment  2.  Determination  of  Nonprotein  Nitrogen  (Folin-Wu). 
Protein-free  Folin-Wu  blood  filtrate  is  heated  with  sulfuric  acid  until  the 
water  has  been  boiled  off.  Further  digestion  decomposes  the  nitrogenous 
substances,  such  as  urea,  uric  acid,  amino  acids,  and  so  forth,  converting  th« 
nitrogen  quantitatively  into  ammonia  which  is  fixed  by  the  acid  in  the  forn 
of  ammonium  sulfate.  Hydrogen  peroxide  is  used  to  complete  the  oxidatioi 
of  organic  matter.  After  dilution,  Nessler’s  solution  is  added.  It  forms  wit! 
ammonia  an  orange  compound  which  remains  in  solution  for  a  short  time 
The  color  developed  is  a  measure  of  the  ammonia  and  therefore  of  th« 
nitrogen  present. 

Procedure.  Make  a  protein-free  Folin-Wu  blood  filtrate  (see  p.  79) 

Transfer  5.00  ml.  of  the  tungstic  acid  filtrate  to  a  200  by  25  mm.  Pyre^ 

test  tube  graduated  at  35  and  50  ml. 

Add  1  ml.  of  50  per  cent  sulfuric  acid  and  a  single  clean  glass  bead. 

Clamp  the  tube  on  a  ring  stand  at  an  angle  of  about  60  degrees  and  heai 
gently  to  evaporate  the  water.  Then  boil  vigorously  in  the  full  flame  of  si 
micro-burner  until  characteristic  dense  white  fumes  fill  the  tube,  keeping; 
bumping  at  a  minimum  by  cautious  manipulation  of  the  flame.  (Perform  th« 

digestion  in  the  hood!) 

Remove  the  burner  and  allow  the  tube  to  cool  for  about  five  minutes. 

Adjust  the  clamp  so  that  the  tube  is  in  a  vertical  position.  Add  2  or  a< 
most  3  drops  of  30  per  cent  hydrogen  peroxide  (superoxol)  so  that  it  fall: 
directly  into  the  liquid  in  the  tube.  (Caution:  This  procedure  may  caus. 

spattering.)  . 

Incline  the  tube  to  an  angle  of  60  degrees  and  heat  again  until  character 

istic  dense  white  fumes  fill  the  tube. 

If  the  brown  color  of  the  solution  fails  to  disappear,  repeat  the  addition 
of  a  drop  or  two  of  the  peroxide  and  subsequent  boiling.  (Further  heating 

*  Folin  and  Wu,  /.  Biol.  Chem.,  38,  81  (1919) ;  Koch  and  McMeekin,  /.  Am.  Chem 
Soc.,  66,  2066  (1924). 
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jften  produces  a  yellow  precipitate  which  does  not  disappear  ^Prolonged 
digestion.  Since  this  precipitate  will  dissolve  on  “nesslermng,  it  does  not 

uterfere  with  the  determination.)  .  ,  .1  OT1 

Finally,  boil  for  one  minute  after  the  solution  becomes  colorless,  and  then 

mol  to  room  temperature  or  below.  r  o  m 

Into  a  second  digestion  tube,  graduated  at  35  and  50  ml.,  transfer  3.00 

nL  of  standard  ammonium  sulfate  solution.  Add  to  it  1  ml.  of  the  50  per 

mnt  sulfuric  acid  used  previously.  . 

solutions  to  the  35  ml.  graduation  with  ammonia-iree 


-vater. 

Add  to  each  3  drops  of  gum  ghatti  solution. 

Add  sufficient  Nessler’s  solution  to  each  tube  so  as  to  bring  the  level  of 
he  liquid  to  the  50  ml.  mark. 

Immediately  stopper  each  tube  and  mix  the  contents  by  inverting  several 
:imes. 

Read  in  the  colorimeter  from  five  to  twenty  minutes  after  the  addition  of 
Vessler’s  reagent. 

Calculate  the  number  of  milligrams  of  nonprotein  nitrogen  per  100  ml.  of 
dood.  When  using  the  visual  colorimeter,  refer  to  the  equations  on  page  67. 
f  a  photoelectric  colorimeter  is  used,  the  appropriate  relationships  may  be 
ound  on  page  71,  or  a  calibration  curve  may  be  used. 

Calibration  Curve.  Place  six  digestion  tubes,  graduated  at  35  and  50 
nl.,  in  a  rack.  Pipette  into  them  the  quantities  of  standard  ammonium  sulfate 
olution  listed  in  the  table  below. 


Milliliter  of  Dilute 

Tube  Standard  Ammonium  Milligram  Per 

Number  Sulfate  Solution  Cent  Nitrogen 

1 .  0.00  0 

2  .  1.50  20 

3  .  3.00  40 

4  .  6.00  80 

5  .  9.00  120 

6  . .  12.00  160 


Continue  exactly  as  above  for  the  unknown  from  the  asterisks  on. 

Read  in  a  photoelectric  colorimeter,  using  the  appropriate  filter.  One  with 
naximal  transmission  in  the  blue  at  420  m/x  will  give  good  results. 

Plot  the  data  on  linear  or  semilog  graph  paper. 

Reagents  : 


50  Per  Cent  Sulfuric  Acid.  Cautiously  mix  1  volume  of  concen- 
rated,  mtrogen-free  sulfuric  acid  with  1  volume  of  distilled  water. 

30  Per  Cent  Hydrogen  Peroxide  (Perhydrol  or  Superoxol) 

Stock  Nessler’s  Solution.  Dissolve  25  gm.  of  iodine 'in  20  ml.  of 

Xt,eon°ntalnifng  j°  Sf\°f  P°*fssium  iodide-  Aft^  ‘he  solution  is  complete 
30  gm.  of  redistilled  metallic  mercury,  and  shake  the  mixture  well  (If 

becomes  too  hot  cool  in  running  tap  water.)  Continue  shaking  until  the 

pernatant  liquid  has  lost  all  the  yellow  color  due  to  the  iodine  Filter  the 

olution  through  glass  wool.  Wash  the  mercury,  sediment  and  flask  ^th 

mall  quantities  of  distilled  water  and  add  the  washings  to  the  sitToL 
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(The  solution  should  be  clear.)  To  about  1  ml.  of  a  1  per  cent  soluble  stare 
solution  in  a  test  tube,  add  a  few  drops  of  the  solution.  If  a  positive  test  fc 
iodine  is  not  obtained,  add,  drop  by  drop,  an  iodine  solution  of  the  sam 
composition  as  used  before,  until  a  faint  excess  of  iodine  can  be  detectec 
Dilute  to  200  ml.  and  mix  well.  To  975  ml.  of  an  accurately  prepared  10  pe 
cent  sodium  hydroxide  solution  add  the  entire  solution  of  potassium  mercuri 
iodide  prepared  above.  Mix  thoroughly  and  allow  to  stand. 

Stock  Ammonium  Sulfate  Solution.  Weigh  0.9433  gm.  of  pui 
anhydrous  ammonium  sulfate  and  quantitatively  transfer  it  to  a  1  lite 
volumetric  flask,  using  N/ 5  sulfuric  acid  for  washing  purposes.  Dilute  t 
piark  with  the  N/ 5  sulfuric  acid.  Mix  well  and  transfer  it  to  a  clean,  dr 
bottle.  This  solution  contains  0.20  mg.  of  nitrogen  per  milliliter. 

Dilute  Standard  Ammonium  Sulfate  Solution.  Pipette  20.00  ml.  o 
the  above  stock  solution  into  a  1  liter  volumetric  flask.  Add  180  ml.  of  N / 
sulfuric  acid.  Dilute  to  mark  with  ammonia-free  water.  Mix  thoroughly  an 
transfer  to  a  clean,  dry  bottle.  This  solution  is  permanent  and  contains  0.04 
mg.  of  nitrogen  per  milliliter. 

Gum  Ghatti  Solution.  Fill  a  liter  cylinder  with  distilled  water.  Plac 
20  gm.  of  soluble  gum  ghatti  in  a  gauze  bag  and  suspend  it  just  below  tk 
surface  of  the  water.  Allow  to  stand  overnight,  but  not  longer  than  twent 
hours.  Remove  the  gauze  bag,  which  may  contain  undissolved  materia 
Strain  the  solution  through  several  thicknesses  of  gauze.  Dissolve  1  gm.  o 
benzoic  acid  in  10  ml.  of  alcohol  and  then  add  it  to  the  gum  ghatti  solutioi 
Mix  thoroughly  and  transfer  to  an  appropriate  container.  The  solution  keep 
for  months  if  stored  in  a  refrigerator. 

A/5  Sulfuric  Acid.  Dilute  5.6  ml.  of  concentrated  sulfuric  acid  (3 
N)  to  1  liter. 

Experiment  3.  The  Determination  of  Nonprotein  Nitrogen  (Micr« 
Kjeldahl).*  The  nitrogenous  compounds  of  a  protein-free  blood  filtral 
are  decomposed  and  converted  to  ammonium  sulfate  by  digestion  wit  I 
sulfuric  acid,  copper  sulfate  catalyzing  the  reaction.  The  ammonia  is  liberate: 
by  making  the  solution  alkaline,  and  then  it  is  steam  distilled  into  a  saturate 
solution  of  boric  acid.  The  resulting  distillate  is  titrated  with  standard  aci« 
This  is  possible  because  boric  acid  is  so  weak  that  it  does  not  appreciab! 
dissociate  in  the  pH  range  of  methyl  red  (4.2  to  6.4).  Ammonia,  which 
extremely  soluble  in  water,  is  held  in  solution  more  securely  in  the  preseno 
of  boric  acid.  Ammonium  borate,  on  the  other  hand,  is  almost  complete! 
hydrolyzed  in  aqueous  solution.  Therefore  the  ammonia  which  was  distille 
from  the  alkaline  digestion  mixture  may  be  quantitatively  titrated  with  mill 
eral  acid  to  pH  5.6  without  interference  by  the  boric  acid. 

Procedure.  Make  a  protein-free,  Folin-Wu  blood  filtrate  (see  p.  7 

Pipette  20.0  ml.  of  the  tungstic  acid  blood  filtrate  into  a  micro-Kjeldal 

digestion  flask.  .  .. 

Add  2  ml.  of  concentrated  sulfuric  acid,  a  pinch  of  copper  sulfate-pota 

sium  sulfate  mixture,  and  a  clean  glass  bead. 

*  Pregl,  Quantitative  Microanalysis  (1930),  p.  109;  Sobel,  Yuska  and  Cohen,  /.  Bid 
Chem.y  118,  443  (1937). 
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Evaporate  the  water  over  a  small  flame,  rotating  the  flask.  Continue  heat¬ 
ing  until  heavy  white  fumes  of  the  oxides  of  sulfur  are  evolved.  Remove  the 
flame  and  add  2  or  3  drops  of  superoxol.  Continue  the  digestion  on  the  diges 

tion  rack  ten  to  fifteen  minutes  longer.  n 

Some  time  before,  or  while  the  digestion  is  being  carried  out,  half-fail 

flask  A  (see  Fig  17)  with  water  to  which  is  added  a  few  drops  of  con¬ 
centrated  sulfuric  acid  and  2  ml.  of  0.2  per  cent  methyl  red  indicator.  Heat 
the  water  in  flask  A  to  boiling  and  steam  out  the  apparatus  for  ten  to 
fifteen  minutes.  Wash  down  G  (the  end  of  the  condenser)  with  distilled 
water.  Run  water  through  the  condenser.  The  apparatus  is  now  ready  for  use. 
When  digestion  is  complete,  cool  the  digestion  flask,  rinse  down  the  sides 


Fig.  17.  Modified  micro-Kjeldahl  apparatus. 

of  the  flask  with  10  ml.  of  distilled  water.  (Caution!)  Cool  under  running 
tap  water. 

Measure  into  a  125  ml.  Erlenmeyer  flask,  5  ml.  of  saturated  boric  acid 
solution  and  5  ml.  of  water.  Add  one  drop  of  the  mixed  indicator. 

Before  attaching  the  digestion  flask,  containing  the  digested  sample,  run 
a  blank  by  using  a  Kjeldahl  flask  containing  2  ml.  of  concentrated  sulfuric 
acid,  a  pinch  of  copper  sulfate-potassium  sulfate  and  a  clean  glass  bead. 

Clamp  the  digestion  flask  containing  the  digested  sample  (or  blank)  onto 
the  apparatus  at  position  D. 

Place  the  Erlenmeyer  flask  containing  the  boric  acid  solution  under  the 

i  S°  thai the  tip  °f  the  latter  diPs  weU  int0  the  solution, 
t  best  to  tilt  the  flask  in  order  to  increase  the  depth  of  acid  through  which 
the  ammonia  \yill  pass. 

•si*  *“  ■•> 

acid  solution.  Y  but  not  mlxlnS  W1*  the 


84  Laboratory  Dlanual  of  Biochemistry 

Place  the  burner,  /,  under  the  steam  generating  flask  and  heat  to  boiling 

Place  a  small  flame,  H,  under  the  digestion  flask  to  prevent  excessive  coi 
densation. 

Steam  distil  the  ammonia  from  the  digestion  flask  for  five  minutes,  c 
until  about  40  ml.  has  been  collected. 

Lower  the  Erlenmeyer  flask  so  that  the  tip  of  the  condenser  is  about 
inch  above  the  level  of  the  liquid  in  the  flask.  Continue  steam  distilling  fc 
one  minute. 

Wash  the  tip  of  the  condenser,  collecting  the  washings  in  the  flask. 
Remove  the  flames  from  under  both  flasks. 

Titrate  the  ammonia  absorbed  by  the  boric  acid  solution  with  standar 
0.01000  N  hydrochloric  acid,  using  a  10  ml.  burette.  Titrate  to  the  sam 
color  as  obtained  in  the  titration  of  the  blank. 

Remove  the  digestion  flask.  The  apparatus  is  now  ready  for  the  nes 
determination. 

Calculations.  A  X  0.14  X  50  =  mg.  N.  P.  N.  per  100  ml.  of  blooc 
A  =.  ml.  of  0.01000  N  hydrochloric  acid  used  to  titrate  the  ammonia. 
Reagents : 

Mixed  Indicator.  Mix  1  volume  of  a  0.2  per  cent  alcoholic  solution  o 
methyl  red  with  1  volume  of  a  0.1  per  cent  alcoholic  solution  of  methylen 
blue.  The  methylene  blue  is  present  merely  to  make  the  color  change  mor 
easily  discernible.  At  pH  5.2  the  mixed  indicator  is  red;  at  pH  5.4  colorless 
and  at  pH  5.6  it  is  green. 

Hydrochloric  Acid  Standard.  0.01000  N.  Diluted  from  accuratel 
standardized  0.1  N  hydrochloric  acid. 

Concentrated  Sulfuric  Acid.  This  must  be  ammonia-free. 

Copper  Sulfate-Potassium  Sulfate.  One  part  of  potassium  sulfat 
to  three  parts  of  copper  sulfate. 

Alkali.  30  per  cent  sodium  hydroxide. 

Boric  Acid  Solution.  Saturated  water  solution.  It  should  react  acid  ti 
methyl  red,  and  1  drop  of  0.01  N  sodium  hydroxide  should  discharge  th 
red  color  when  added  to  5  ml.  of  the  solution. 

(a)  Why  is  a  determination  of  nonprotein  nitrogen  on  plasma  mori 

important  than  on  whole  blood? 

(b)  What  constitutes  nonprotein  nitrogen? 

(c)  What  have  been  some  improvements  over  Kjeldahl’s  original  prc< 
cedure? 

(d)  Is  the  Kjeldahl  method  applicable  to  all  nitrogenous  compounds^ 

(e)  Summarize  the  three  methods  usually  adopted  for  estimating  th 

ammonia  nitrogen  in  the  digest. 

(/)  What  other  indicators  could  be  used  instead  of  methyl  red? 

(g)  Why  does  the  tip  of  the  condenser  have  to  dip  into  the  boric  acil 

during  the  first  part  of  the  distillation? 

( h )  Why  is  the  flask  lowered  from  the  tip  of  the  condenser  at  the  end  c 

the  distillation?  .  _  .  . 

(i)  Why  are  indicator  and  sulfuric  acid  added  to  the  steam  generator 

(/)  Why  is  the  digestion  flask  cooled  before  water  is  added  to  the  dig et 
tion  mixture? 
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(*)  Why  must  a  specially  designed  digestion  flask  be  used  in  the  Kjeldahl 

determination?  _  .  f  ,  u 

(Z)  Derive  the  formula  for  the  calculation  of  the  results. 

Experiment  4.  The  Determination  of  Glucose  (Folin-Wu).*  Pro¬ 
tein-free,  Folin-Wu  blood  filtrate  is  heated  with  an  alkaline  copper  tartrate 


n 

A 

25  I 

ml 

125 


(J 


Fig.  18.  Folin-Wu  blood  sugar  tube. 


solution ;  the  glucose  reduces  the  cupric  ion  to  insoluble  cuprous  compounds. 
Upon  the  addition  of  phosphomolybdic  acid  reagent,  the  cuprous  compounds 
dissolve  and  at  the  same  time  reduce  the  faintly  colored  phosphomolybdate 
ion  to  a  lower  valence  state,  yielding  densely  blue,  soluble  oxides  of  molyb¬ 
denum.  The  intensity  of  the  color  of  the  “molybdenum  blue”  is  a  measure  of 
the  copper  reduced  to  the  cuprous  condition  and  therefore  of  the  amount  of 
the  glucose  present. 


CeHuOe  +  Cu++  - Cu* 

Cu+  +  Na3POU2Mo6+03  - y  Cu+*  +  12Mo<«  (blue) 


Procedure.  Make  a  protein-free,  Folin-Wu  blood  filtrate  (see  p.  79). 

Pipette  2.00  ml.  of  the  tungstic  acid  blood  filtrate  to  a  Folin-Wu  blood 
sugar  tube  (Fig.  18). 

Transfer  2.00  ml.  of  the  dilute  glucose  standard  No.  1  to  a  second  blood 
sugar  tube. 

****Add  2.00  ml.  of  alkaline  copper  tartrate  reagent  to  each  tube  (The 

surface  of  the  mixture  should  now  have  reached  the  middle  of  the  constricted 
part  of  the  tube.) 


Mix  the  contents  of  the  tubes  by  shaking  laterally. 

Place  the  tubes  in  an  actively  boiling  water  bath  and  heat  for  exactly  six 
mnutes.  7 

Remove  the  tubes  and  cool  them  at  the  same  time  by  placing  them  in  a 
weaker  of  cold  water  for  three  minutes. 

Add  to  each  tube  2.0  ml.  of  the  phosphomolybdic  acid  reagent. 


1931hnScWmT”’Andrieth  CGro™s  McCWIan  920,!  U  Rcner[!ct\  J'  DioL  Chem.,  92,  141 
1942),  describe  the  composition  of  molybdenum  blue.^*^1*  '  S°C'’  H  2543 
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Mix  the  solutions  by  gentle  shaking.  (The  cuprous  oxide  should  dissolv 
immediately.) 

Dilute  the  solutions  with  water  to  the  25  ml.  mark. 

Stopper  each  tube  and  mix  the  contents  thoroughly  by  inverting  sever* 
times. 

Compare  immediately  in  a  colorimeter. 

Calculate  the  number  of  milligrams  of  glucose  per  100  ml.  of  blood.  Whe 
using  the  visual  colorimeter,  refer  to  the  equations  on  page  67.  If  a  photc 
electric  colorimeter  is  used,  the  appropriate  relationships  may  be  found  o 
page  71,  or  a  calibration  curve  may  be  used. 

Calibration  Curve.  Place  seven  labelled  Folin-Wu  sugar  tubes  in 
rack.  Pipette  into  them  the  quantities  of  standard  glucose  solutions  an 
distilled  water  listed  in  the  table  below. 


Tube  Number 

Ml.  Standard  No.  1 

Ml.  Standard  No.  2 

Ml.  Water 

Mg.  per  ce? 

1 . 

0.0 

2.0 

0 

2 . 

0.5 

•  •  • 

1.5 

50 

3 . 

1.0 

•  •  • 

1.0 

100 

4 . 

1.5 

•  •  • 

0.5 

150 

5 . 

2.0 

... 

•  • 

200 

6 . 

* 

1.5 

0.5 

300 

7 . 

2.0 

•  • 

400 

Continue  as  above  for  the  unknown  from  the  asterisks  on. 

Read  in  the  photoelectric  colorimeter  within  ten  minutes  using  the  apprc 
priate  filter.  One  with  maximal  transmission  in  the  orange  at  580  m p.  wi 
give  good  results. 

Prepare  a  calibration  curve  on  linear  or  semilog  graph  paper  by  plottin 
the  data. 

Reagents:  Alkaline  Copper  Tartrate  Solution.  Dissolve  40  gm.  c< 
pure  anhydrous  sodium  carbonate  in  about  400  ml.  of  water  and  transfer  to 
1  liter  volumetric  flask.  Add  7.5  gm.  of  tartaric  acid  and,  when  the  latter  he 
dissolved,  add  4.50  gm.  of  crystalline  copper  sulfate  (CuS04.5H20) .  Mil 
and  dilute  to  mark.  Transfer  to  a  clean,  dry,  amber  bottle. 

Phosphomolybdic  Acid  Reagent.  To  35  gm.  of  molybdic  acid  and 
gm.  of  sodium  tungstate,  add  200  ml.  of  10  per  cent  sodium  hydroxide  am 
200  ml.  of  water.  Boil  in  a  beaker  for  thirty  minutes,  keeping  the  volum 
approximately  constant  by  the  addition  of  water  from  time  to  time.  Cool  t 
room  temperature  and  transfer  the  solution  to  a  500  ml.  volumetric  flask.  Am 
125  ml.  of  concentrated  phosphoric  acid  (syrupy,  85  per  cent).  Mix,  dilul 

to  mark,  and  transfer  to  an  amber  bottle. 

Saturated  Benzoic  Acid.  Make  an  aqueous  saturated  benzoic  aci 

Stock  1  Per  Cent  Glucose  Solution.  Carefully  weigh  1.000  gir 
of  pure  glucose.  Transfer  to  a  100  ml.  volumetric  flask,  using  a  saturate 
benzoic  acid  solution  for  washing  purposes.  Then  dilute  to  mark  with  tfc 
same  solvent.  Transfer  the  solution  to  a  dry,  amber  bottle.  (If  crystals  cl 
benzoic  acid  settle  out  on  cooling,  ignore  them.) 
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Dilute  Standard  Glucose  Solution  No.  1.  Pipette  2.00  ml.  of  the 
stock  1  per  cent  glucose  solution  into  a  100  ml.  volumetric  flask.  Dilute  o 
mark  with  saturated  benzoic  acid  solution.  Stopper  the  flask  and  mix  its  con¬ 
tents  thoroughly.  This  solution,  which  should  be  made  up  fresh  from  time 
to  time,  contains  0.20  mg.  of  glucose  per  milliliter. 

Dilute  Standard  Glucose  Solution  No.  2.  Pipette  4.00  ml.  of  the 
stock  1  per  cent  glucose  solution  into  a  100  ml.  vdlumetric  flask.  Dilute  to 
mark  with  saturated  benzoic  acid  solution.  Stopper  the  flask  and  mix  its 
contents  thoroughly.  This  solution,  which  should  be  made  up  fresh  from 
time  to  time,  contains  0.40  mg.  of  glucose  per  milliliter. 


Experiment  5.  The  Determination  of  Glucose  (Nelson).*  The  blood 
proteins  are  precipitated  by  means  of  a  mixture  of  zinc  sulfate  and  barium 
hydroxide,  which  produces  zinc  hydroxide.  The  two  reagents  are  so  balanced 

Piat  no  excess  of  either  remains  in  the  solution.  The  barium  sulfate  and  zinc 
ydroxide  are  both  insoluble,  thus  allowing  a  complete  removal  of  proteins 
with  no  interference  by  excess  foreign  reagents  or  change  in  pH.  The 
glucose  is  determined  by  heating  with  alkaline  copper  reagent,  and  the 
cuprous  oxide  formed  is  treated  with  an  arsenomolybdate  reagent,  which  is 
reduced  to  a  colored  compound  whose  intensity  is  proportional  to  the  cuprous 
ion  and  thus  to  the  glucose  present. 

Procedure.  To  1.00  ml.  of  whole  blood  add  15.00  ml.  of  water  and 
mix.  Add  2.00  ml.  of  barium  hydroxide  solution  and  mix.  When  the  mix¬ 
ture  has  turned  brown,  add  2.00  ml.  of  zinc  sulfate  solution.  Mix. 

After  a  few  minutes,  filter  (or  centrifuge  and  then  filter  to  obtain  a  larger 
volume  of  filtrate). 

Place  1.00  ml.  of  the  filtrate  into  a  Folin-Wu  tube  graduated  at  25  ml. 
(see  p.  85).  Add  1.00  ml.  of  a  fresh  mixture  of  reagents  A  and  B. 

In  a  similar  tube  graduated  at  25  ml.  place  1.00  ml.  of  the  glucose  stand- 
ird  solution  containing  0.05  mg.  of  glucose  per  milliliter  and  add  1.00  ml. 
)f  the  mixed  solution  of  reagents  A  and  B. 

Place  the  tubes  in  an  actively  boiling  water  bath  for  twenty  minutes. 

Cool  in  a  beaker  of  cold  water  and  add  1.0  ml.  of  the  arsenomolybdate 
eagent  to  each  tube.  Dilute  to  the  25  ml.  mark  with  water,  stopper,  mix 
ind  read  the  color  at  any  convenient  time.  The  color  is  stable. 

For  the  photoelectric  colorimeter,  a  filter  which  absorbs  at  500  or  520 

n/x  is  used  and  a  blank  is  run  as  for  the  standard,  with  the  omission  of  the 
tandard  glucose  solution. 

Reagents : 

Copter  Reagent  A  To  a  1  liter  volumetric  flask  add  25  gm  of 
inhydrous  sod.um  carbonate,  25  gm.  of  Rochelle  salts,  20  gm  of  sodium 
ncarbonate  and  200  gm.  of  anhydrous  sodium  sulfate  and  dissolve 
rater.  Dilute  to  the  mark.  Filter  if  necessarv  and  V  .  alssolve  Wlth 

ower  than  20°C.  '  store  at  a  temperature  not 

Copper  Reagent  B.  Transfer  15  gm.  of  CuS04.5H20  to  a  100  ml. 
*  Nelson,  Biol  Chem.  153,  375  (1944) . 
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volumetric  flask,  dissolve  with  water  and  add  2  drops  of  concentrate 
sulfuric  acid.  Dilute  to  mark.  To  prepare  a  mixture  of  the  two  reagents,  m: 
25  parts  of  A  with  1  part  of  B. 

Arseno molybdate  Reagent.  Dissolve  25  gm.  of  ammonium  moly} 

date  in  400  ml.  of  water.  Add  21  ml.  of  concentrated  sulfuric  acid  and  mi. 
Add  3  gm.  of  Na2HAs04.7H20  dissolved  in  25  ml.  of  water.  Mix  and  pla< 
in  an  incubator  at  37  °C.  for  twenty-four  to  forty-eight  hours.  Store  in  s 
amber  glass-stoppered  bottle. 

Zinc  Sulfate.  Dissolve  50  gm.  of  ZnS04.6H20  in  1  liter  of  water. 

Barium  Hydroxide,  Approximately  0.3  M.  Dissolve  51.5  gm.  of  tl 
anhydrous  base  (or  an  equivalent  amount  of  the  hydrate)  in  water  to  mal 
1  liter  of  solution.  Store  in  a  bottle  protected  with  a  soda  lime  tube.  Adjiii 
with  water  so  that  5  ml.  of  the  zinc  sulfate  solution  requires  4.7  to  4.8  m 
of  the  barium  hydroxide  solution  to  produce  a  definite  pink  color  in  tU 
presence  of  phenolphthalein  after  the  addition  of  15  ml.  of  water. 

Experiment  6.  The  Determination  of  Glucose  (Shaffer-Hartmann^ 
Hemolyzed  blood  is  deproteinized  with  zinc  hydroxide,  yielding  a  filtrate  : 
which  the  glucose  is  the  sole  substance  reduced  under  the  prescribed  co| 
ditions.  The  filtrate  is  heated  with  an  excess  of  alkaline  tartrate  reagen 
thereby  reducing  part  of  the  cupric  ions  to  cuprous  compounds.  Upon  aci 
ifying,  an  excess  of  iodine  is  liberated,  since  the  reagent  contains  pota 
sium  iodide  and  potassium  iodate.  The  cuprous  compounds  are  thus  reco 
verted  to  the  cupric  state.  The  excess  iodine  is  titrated  with  standardize 
thiosulfate  solution.  From  these  data  the  amount  of  glucose  initially  preset 
may  be  determined  by  reference  to  a  table  (see  p.  91).  Since  the  amou 
of  thiosulfate  used  is  not  strictly  proportional  to  the  amount  of  glucon 
originally  present,  the  table  was  drawn  up  so  that  elaborate  calculatioi 
would  not  be  necessary. 

Cu**  -f-  CaH^Oa - >-  Cu+  +  unknown  oxidation  products  of  CeHi^Oe 

KlOa  +  5KI  +  3H2SOi - 3I2  +  3K2SO4  +  3H20 

Cu20  4-  la  +  H2SO4  — >-  CuSC>4  4-  Cul2  +  H2O 

Cupric  iodide  (Cul2)  normally  tends  to  decompose  into  cuprous  iodide  an 
iodine. 

2CuI3  — 2CuI  +  Ia 

In  the  presence  of  excess  tartrate,  however,  the  equilibrium  is  held  so  thi 
the  cupric  iodide  which  is  formed  does  not  decompose,  and  the  reactici 
proceeds  quantitatively. 

I3  -{-  2Na2S203  - y  2NaI  +  Na2S40a 

Procedure.  Pipette  5.00  ml.  of  well-mixed  blood  into  a  dry  125  m 

Erlenmeyer  flask.  (Allow  the  pipette  to  drain  slowly.)  . 

Add  35.00  ml.  of  water  to  the  blood  in  the  flask  and  mix  well  to  assu 

hemolysis. 

*  Shaffer  and  Hartmann,  /.  Biol.  Chem.,  45,  365  (1921) ;  Somogyi,  /.  Biol.  Chem,  ? 
599  (1927). 
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Add  5.00  ml.  of  10  per  cent  zinc  sulfate  solution  and  mix  again- 

Add  slowly,  drop  by  drop,  and  with  constant  shaking  of  the  flask,  5.00 

ml.  of  N/ 2  sodium  hydroxide  solution. 

Stopper  and  shake  vigorously.  (If  conditions  are  right,  no  permanent 

foam  or  bubbles  should  form.) 

Allow  the  flask  to  stand  for  five  minutes. 

Place  a  dry,  folded  filter  paper  in  a  dry  funnel  beneath  which  is  a  dry  12o 
ml.  Erlenmeyer  flask. 

Pour  a  little  of  the  mixture  onto  the  double  portion  of  the  filter  paper. 
When  the  whole  paper  has  become  wet,  pour  the  remainder  of  the  mixture 
into  the  funnel. 

Cover  the  funnel  with  a  watch  glass  and  collect  the  protein-free  filtrate. 
(It  should  be  perfectly  clear  and  colorless.  If  the  first  small  amount  of  the 
filtrate  is  cloudy,  pour  it  back  into  the  funnel  for  refiltration.) 

Pipette  into  a  large  test  tube  (25  by  250  mm.)  5.00  ml.  of  the  alkaline 
copper  reagent. 

Add  5.00  ml.  of  the  protein-free  filtrate. 

Mix  by  gentle  shaking  and  place  a  50  ml.  beaker  over  the  mouth  of  the 


tube. 

Place  the  tube  in  an  actively  boiling  water  bath  and  allow  it  to  remain  in 
the  bath  for  exactly  fifteen  minutes. 

Remove  the  tube  and,  without  shaking  it,  place  it  in  a  beaker  of  cold 
water  for  about  three  minutes. 

When  its  temperature  has  fallen  to  35  °C.,  remove  the  tube  from  the  cold 
water  and,  without  shaking,  add  5  ml.  of  N  sulfuric  acid. 

Shake  well,  making  sure  that  all  the  precipitated  cuprous  oxide  dissolves. 

After  about  two  minutes,  titrate  the  contents  of  the  tube  with  approxi¬ 
mately  0.005  N  thiosulfate  solution  until  almost  all  the  yellow  color  dis¬ 
appears. 


Add  2  ml.  of  the  1  per  cent  starch  solution  and  continue  the  titration  until 
the  blue  color  due  to  the  starch-iodine  complex  disappears.  (Remember  that 
the  solution  has  a  faint  blue  color  due  to  cupric  ions.) 

A  blank  titration  (which  may  be  run  at  the  same  time  as  the  unknown)  is 
made  by  substituting  5  ml.  of  water  for  the  5  ml.  of  protein-free  filtrate  and 
repeating  the  procedure  just  outlined. 

Standardize  the  thiosulfate  solution  by  measuring  out  exactly  5  00  ml  of 
he  standard  0.01000  N  potassium  iodate  solution  into  a  125  ml  Erlenmeyer 

lask.  addin?  2  ml  nf  A/  _ j  ...  .  ^ 


IS  A  thios  2, f?  1  ?  SU,fUT  rid  nnd  *"*«  ^  ^ “SJ 
i^*Ir“re^r.nJJUn‘l1 L*e  f1  °V°lor  **  *e  Crated  iodine 


ilmost  disappear.  Then  add  2  ml.  of  the  1  per  cent  sta“  h 

■omphx  d'CeTrs  Utratl°n  ^  ^  C°’°r  *°  the  “odine 

;n£issopzt: trr  rineF  The  r e i3 
::  for  the 
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Calculations: 


(A  —  B)  10 


=  ml.  of  0.00500  N  thiosulfate  used. 


A  =.  ml.  of  approximately  0.005  N  thiosulfate  for  blank 

B  =  ml.  of  approximately  0.005  N  thiosulfate  for  unknown  sample 

C  =  ml.  of  approximately  0.005  N  thiosulfate  for  standardization  wit} 

5.00  mi.  of  0.01000  /V  iodate 


The  value  obtained  is  referred  to  Table  3,  where  the  milligrams  of  glucos- 
per  100  ml.  of  blood  are  read  off  directly. 


Reagents  : 

Alkaline  Copper  Reagent.  Weigh  25  gm.  of  Rochelle  salt,  25  gm 
of  anhydrous  sodium  carbonate  and  20  gm.  of  sodium  bicarbonate.  Transfei 
these  salts  to  a  1  liter  volumetric  flask  and  dissolve  them  completely  by  adoi 
ing  approximately  600  ml.  of  warm  water,  and  shaking.  Weigh  out  7.5  giri 
of  crystalline  copper  sulfate.  Dissolve  the  salt  by  adding  about  100  ml.  c 
water,  warming  if  necessary.  Transfer  this  solution  to  the  volumetric  flasli 
Mix.  Weigh  5  gm.  of  potassium  iodide,  transfer  to  the  volumetric  flask  am 
dissolve  the  substance.  Accurately  weigh  0.785  gm.  of  potassium  iodat 
into  a  small  beaker  and  dissolve  in  about  50  ml.  of  water.  Quantitativell 
transfer  this  solution  to  the  volumetric  flask.  Shake  well.  Allow  to  come  tl 
room  temperature  and  add  water  to  mark.  Transfer  to  a  clean,  dry,  amb& 
bottle.  (Instead  of  potassium  iodate,  one  may  substitute  22.00  ml.  of  ai 
alkaline  standard  normal  solution  of  potassium  biiodate.  The  latter  solutio 
contains  32.498  gm.  of  potassium  biiodate  and  83.3  ml.  of  N  sodiui 

hydroxide  solution  per  liter  of  solution.)  # 

Stock  Solution  of  Approximately  0.1  N  Thiosulfate.  \veigh  2 
em  of  sodium  thiosulfate  (Na2S203.5H20)  and  transfer  to  a  1  liter  voh 
metric  flask.  Dissolve  the  salt  in  about  500  ml.  of  water.  Add  5  ml.  of  - 
sodium  hydroxide.  This  increases  the  stability  of  the  solution.  Make  up  t 

mark.  Transfer  to  a  clean,  amber  bottle. 

Stock  Solution  of  Approximately  0.005  N  Thiosulfate.  Transfe 
50  ml.  of  the  stock  0.1  N  thiosulfate  solution  to  a  1  liter  volumetric  Has! 
Add  2  drops  of  10  per  cent  sodium  hydroxide  and  dilute  to  mark.  Transfe 
to  an  amber  bottle.  This  solution  must  be  standardized. 

Standard  0.01000  N  Potassium  Iodate  Solution  (0.01000  N  Iodine, 
Accurately  weigh  0.3567  gm.  of  potassium  iodate.  Transfer  it  quantit.- 
lively  to  l  1  lifer  volumetric  flask.  Weigh  out  1.4  gm  of  potassium  lodio 
and  transfer  it  to  the  flask.  Dissolve  the  salts  in  500  ml.  of  water.  Ma  e 
to  mark  Transfer  the  solution  to  a  dry,  amber  bottle. 

IN  Sulfuric  Acid.  Dilute  27.8  ml.  of  concentrated  sulfuric  ac. 

(3J  JercLtStarch  Solution.  Weigh,  into  a  100  ml.  beaker,  5  gn 

= s  £=&  flairs 

by  adding  a  few  crystals  of  mercuric  iodide  and  a  drop  of  token 
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10  Per  Cent  Zinc  Sulfate  Solution.  Dissolve  100  gm.  of  hydrated 
zinc  sulfate  (ZnS04.7H20)  in  1  liter  of  water.  Transfer  to  a  clean  bottle. 
jV/2  Sodium  Hydroxide.  Dilute  30  ml.  of  saturated  sodium  hydroxide 

solution  to  1  liter.  Standardize. 

(а)  Why  is  a  strictly  accurate  method  for  glucose  not  possible  when 

tungstic  acid  is  used  as  a  precipitant  for  blood? 

(б)  How  can  the  situation  in  (a)  be  remedied? 

Table  3 

AMOUNTS  OF  GLUCOSE  CORRESPONDING  TO  TITRATION  VALUES  WHEN  5  ML.  OF  1:  10 
BLOOD  FILTRATE  AND  5  ML.  OF  ALKALINE  COPPER  REAGENT  ARE  HEATED  IN  A  WATER 
BATH  FOR  FIFTEEN  MINUTES 


Ml.  of 
0.00500  N 
Thiosulfate 
(A— B)  10/C 


0 

1 

2 

3 

4 

5 

6 

7 

8 

Tenths  of  1  Ml.  of  0.00500  N  Thiosulfate 


Milligrams  of  Glucose  in  100  Ml.  of  Blood 


0 . 

7.5 

10.0 

12.5 

15.0 

17.5 

20.0 

22.5 

25.0 

27.0 

1 . 

29.5 

32.0 

34.5 

37.0 

39.0 

41.5 

44.0 

46.0 

48.5 

50.5 

2 . 

53.0 

55.0 

57.5 

59.5 

62.0 

64.0 

66.5 

69.0 

71.0 

73.0 

3 . 

75.5 

78.0 

80.0 

82.0 

84.5 

87.0 

89.0 

91.5 

93.5 

96.0 

4 . 

98.0 

100.0 

102.5 

105.0 

107.0 

109.0 

111.5 

113.5 

115.5 

118.0 

5 . 

120.0 

122.5 

125.0 

127.0 

129.0 

131.5 

134.0 

136.0 

138.0 

140.5 

6 . 

143.0 

145.0 

147.0 

149.0 

151.0 

154.0 

156.0 

158.0 

160.0 

163.0 

7 . 

165.0 

167.0 

169.0 

171.0 

174.0 

176.0 

178.0 

180.0 

182.0 

185.0 

8 . 

187.0 

189.0 

191.0 

194.0 

196.0 

198.0 

200.0 

202.0 

204.0 

207.0 

9 . 

209.0 

211.0 

213.0 

215.0 

218.0 

220.0 

222.0 

224.0 

226.0 

229.0 

10 . 

231.0 

233.0 

235.0 

237.0 

240.0 

242.0 

244.0 

246.0 

248.0 

251.0 

11 . 

253.0 

255.0 

257.0 

260.0 

263.0 

265.0 

267.0 

269.0 

271.0 

274.0 

12 . 

276.0 

278.0 

280.0 

283.0 

285.0 

287.0 

290.0 

292.0 

294.0 

296.0 

13 . 

298.0 

300.0 

303.0 

305.0 

307.0 

309.0 

312.0 

314.0 

316.0 

318.0 

14 . 

320.0 

322.0 

325.0 

327.0 

329.0 

331.0 

334.0 

336.0 

338.0 

340.0 

15 . 

342.0 

344.0 

347.0 

349.0 

351.0 

353.0 

355.0 

358.0 

360.0 

363.0 

16 . 

17 . 

364.0 

386.0 

366.0 

388.0 

369.0 

390.0 

371.0 

392.0 

373.0 

394.0 

375.0 

396.0 

377.0 

398.0 

380.0 

400.0 

382.0 

384.0 

(c)  Upon  what  properties  of  glucose  do  methods  for  its  determination 
depend? 

What 


( d ) 

(e)  What 
(/)  What 

salts? 

(g)  What 

(h)  Why 
reacted  ? 

(i)  Why 
standard? 


are  some  of  the  oxidizing  agents  used? 

metals  other  than  copper  have  been  used? 

grouping  in  the  sugar  molecule  causes  the  reduction  of  cupric 

are  some  of  the  interfering  substances? 

is  starch  indicator  used  only  after  most  of  the  iodine  has 
cannot  the  sodium  thiosulfate  solution  be  used  as  the  primary 
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(/)  Why  is  sulfuric  acid  added  to  the  copper  oxide? 

{k)  Why  are  Rochelle  salts  added  to  the  copper  reagent? 

(/)  Why  is  sodium  carbonate  added  to  the  copper  reagent? 

(m)  Why  are  the  Folin-Wu  sugar  tubes  constricted? 

(n)  Why  is  the  glucose  standard  made  up  in  saturated  benzoic  acid? 

(o)  Derive  the  formulae  used  for  calculating  the  results. 

Experiment  7.  The  Determination  of  Urea  Nitrogen  *  Whole  blood! 
serum  or  plasma,  properly  buffered  at  a  pH  of  7.6,  is  acted  upon  by  the 
enzyme  urease,  which  quantitatively  converts  the  urea  present  into  ammo, 
nium  carbonate.  Ammonia  is  liberated  by  the  addition  of  alkali  and  if 
aerated  into  a  standard  solution  of  hydrochloric  acid.  The  excess  acid  is  back 
titrated  with  standard  alkali,  giving  the  amount  of  ammonia  formed  and  thus 
the  concentration  of  urea  nitrogen  originally  present. 

NH2 

/  urease 

c=o  - (nh4)2co3 

\  HOH 

nh2 


OH- 

(NH4)2CO, - >-  2NHj  +  C02  +  H20 

aeration 


2NH3  +  2HC1  — y  2NH4C1 
2HC1  +  2NaOH  — 2NaCl  +  2H20 

Procedure.  (Warning:  Minute  traces  of  Hg+  +  inhibit  urease;  there¬ 
fore  all  glassware  must  be  scrupulously  cleaned.  The  urea  tubes  must  never  bet 
used  for  any  other  purpose.) 

Set  up  in  a  rack  the  tubes,  bubblers,  rubber  connections,  and  so  forth,  asi 
shown  in  the  diagram  (Fig.  19). 

Place  in  tube  A,  which  is  permanent  and  can  be  used  over  and  over  again, 
approximately  15  ml.  of  20  per  cent  sulfuric  acid,  3  drops  of  methyl  red 
and  1  ml.  of  antifoam  mixture. 

Place  in  tube  C,  15.00  ml.  of  0.01000  N  hydrochloric  acid,  measuring  H 
accurately  from  a  burette  or  pipette. 

Add  approximately  1  ml.  of  antifoam  mixture  and  2  drops  of  methyl  red 


as  an  indicator.  r  .  . 

Add  approximately  10  ml.  of  ammonia-free  water,  replace  tube  C  in  its 

proper  place  in  the  rack  and  stopper.  .  .  . 

Transfer  to  tube  B  3.00  ml.  of  blood,  allowing  the  pipette  to  dram  slowly. 

See  that  the  blood  does  not  touch  the  walls  of  the  tube,  but  falls  directly  tc 

the  bottom  of  it.  _  ,  - 

Add  3  ml.  of  phosphate  buffer  solution  and  1  or  2  ml.  of  urease  sus¬ 


pension 


Stopper  the  tube  immediately  and  mix  the  contents  by  gentle  agitation^ 
Allow  to  stand  ten  to  fifteen  minutes  at  room  temperature. 


*  Marshall,  /.  Biol.  Chem.,  15,  487  (IMS) :  Van  Slyke  and  Cullen,  /.  Biol.  Chem.,  19. 
211  (1914) ;  Van  Slyke  and  Cullen,  /.  Biol.  Chem.,  24,  1 


Determinations  of  Various  Constituents  in  Blood  93 


Make  sure  that  all  tubes  are  properly  placed,  the  rubber  connections 
correct  and  gas-tight,  and  that  the  bubblers  dip  below  the  surface  of  the 

^After  ten  to  fifteen  minutes,  unstopper  tube  B  and  quickly  add  1  ml.  of 
antifoam  mixture  and  10  ml.  of  the  saturated  solution  of  potassium  carbonate, 
allowing  the  latter  to  run  down  the  sides  of  the  tube  to  form  two  layers. 
Immediately  stopper  the  tube  and  connect  the  outfit  to  the  suction  pump. 
Draw  a  current  of  air,  gently  for  the  first  minute,  then  as  rapidly  as 
possible  without  undue  splashing  and  foaming. 

Allow  to  aerate  twenty-five  to  thirty  minutes. 


Fig.  19.  Apparatus  for  urea  nitrogen  determination. 


Turn  off  the  suction,  remove  tube  C  and  wash  the  liquid  inside  and  on 
die  walls  of  the  bubbler  into  the  tube. 

Titrate  the  contents  of  tube  C  with  standardized  0.01000  N  sodium  hy¬ 
droxide. 


Perform  the  procedure  exactly  as  described,  but  use  3.00  ml.  of  ammonia- 
Eree  water  instead  of  blood.  This  gives  a  blank  analysis.  (It  is  unnecessary  in 
this  case  to  wait  the  ten  to  fifteen  minutes  for  enzyme  action.) 

Both  the  unknown  and  the  blank  should  be  done  at  the  same  time,  with 
the  same  current  of  air,  by  connecting  the  pairs  of  tubes  in  series.  (Manv 
samples  may  be  run  simultaneously  in  this  fashion.) 

Calculations.  If  the  sodium  hydroxide  and  hydrochloric  acid  used  in 
this  determination  are  not  exactly  0.01000  N,  convert  them  to  eouivilent 
rolumes  of  0.01000  N  acid  and  alkali,  using  the  relationship  ml.i  X  A',  — 

i «  a  Th? 10 X  -  B  ~  f>  =  S*  ■»  wo  J biL .  “ 

4.00  [A  —  U  —  C)  =  mg.  of  urea  N  per  100  ml.  of  blood. 

A  —  ml.  of  0.01000  N  acid  used  (usually  15  ml.) 

B  =  ml.  of  0.01000  N  alkali  used  in  titration. 

C  =  value  of  (A  —  B)  found  in  blank  determination. 
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Reagents: 

20  Per  Cent  Sulfuric  Acid.  Mix  1  volume  of  concentrated  sulfuri 
acid  with  4  volumes  of  water. 

Urease  Suspension.  Any  of  the  following  preparations  are  satisfactory 

A.  Weigh  1  gm.  of  commercial  urease  preparation  from  jack  bean  mea 
and  add  just  sufficient  water  to  form  a  paste.  Mix  well.  Add  more  wate? 
with  stirring,  so  that  the  total  quantity  added  is  9  ml.  This  suspensio 
should  be  freshly  prepared  each  time. 

B.  Squibb ’s  urease  powder  suspended  as  directed  above. 

C.  Urease  paper. 

D.  Urease — Glycerol  Extract  (Koch). — Place  37.5  gm.  of  Permutit  in 
liter  flask.  Add  500  ml.  of  2  per  cent  acetic  acid.  Shake  well.  Decant  th 
liquid.  Wash  the  Permutit  in  the  flask  with  two  300  ml.  portions  of  distille 
water,  decanting  the  liquid  each  time.  Add  75  gm.  of  jack  bean  meal  tl 
the  Permutit  in  the  flask.  Add  125  ml.  of  0.001  N  sulfuric  acid  and  shak 
gently  at  ten  minute  intervals  over  the  course  of  an  hour.  Add  375  ml.  c 
reagent  grade  glycerin.  Mix  well.  Filter  through  a  fluted  filter  paper  into  ai 
amber  bottle.  This  preparation  is  stable  for  a  year  at  room  temperature  am 
will  keep  indefinitely  in  the  refrigerator.  Five  to  10  drops  of  it  are  sufficieri 
for  a  determination. 

Phosphate  Buffer  Solution.  Six  grams  of  acid  potassium  phosphat 
(KH2PO4)  and  5  gm.  of  disodium  phosphate  (Na2HP04.12H20)  are  di: 
solved  in  water  and  made  up  to  1  liter. 

Saturated  Potassium  Carbonate  Solution.  Nine  hundred  grams  c 
potassium  carbonate  are  dissolved  in  a  liter  of  water. 

Antifoam  Mixture.  Mix  1  volume  of  caprylic  alcohol  with  4  volume 
of  95  per  cent  ethyl  alcohol. 

0.1  Per  Cent  Methyl  Red  in  95  per  cent  alcohol. 

0.01000  N  Hydrochloric  Acid. 

0.01000  N  Sodium  Hydroxide. 

(o)  Using  the  urease  method,  what  product  other  than  ammonia  couL 
be  used  for  the  estimation  of  urea? 

(6)  Illustrate  the  specificity  of  urease  action. 

(c)  What  method  other  than  the  urease  method  is  considered  a  goo 

quantitative  procedure? 

( d )  Name  additional  quantitative  methods. 

(e)  How  may  a  stable  urease  powder  be  prepared? 

(/)  What  alternate  method  other  than  final  titration  of  the  ammonia  mai 
be  used? 

(g)  Can  this  method  (/)  be  applied  to  urea  in  urine? 

( h )  Why  is  sulfuric  acid  placed  in  tube  A? 

(i)  Why  is  methyl  red  added  to  tube  A? 

(/)  Why  is  antifoam  mixture  added  to  tube  B? 

(k)  Why  cannot  the  potassium  carbonate  solution  be  added  directly  t 

the  blood  before  urease  is  added?  , 

(/)  Why  are  two  layers  allowed  to  form  between  the  blood  and  th 

potassium  carbonate  solution? 

( m )  Why  is  the  suction  gentle  at  first? 
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-  Experiment  8.  Determination  of  Creatinine*  Protein-free,  Folin-Wu 
blood  filtrate  is  treated  with  an  alkaline  picrate  solution,  which  turns  red  in 
the  presence  of  creatinine.  This  color  is  compared  with  that  developed  by  a 
standard  solution.  The  reaction  (the  Jaffe  reaction)  is  also  caused  by  un¬ 
known  substances  in  the  blood  filtrate  other  than  creatinine  and  is  not  specific 
for  creatinine.  However,  the  amount  of  chromogemc  substances  called 

“creatinine”  is  of  diagnostic  significance.  _ 

Procedure.  Make  a  protein-free  Folin-Wu  filtrate,  using  b  ood. 


or 


serum  (seep.  79).  .  . 

Transfer  to  a  dry,  labelled  test  tube,  10.00  ml.  of  the  tungstic  acid  filtrate. 

Into  another  similar  test  tube,  transfer  5.00  ml.  of  the  dilute  standard 
creatinine  solution,  together  with  15.00  ml.  of  water. 

To  the  test  tube  containing  the  blood  filtrate,  add  5.00  ml.  oi  the  freshly 
prepared  alkaline  picrate  solution. 

To  the  test  tube  containing  the  dilute  standard  creatinine  solution,  add 
10.00  ml.  of  the  alkaline  picrate  solution. 

Mix  the  solutions  and  allow  them  to  stand  for  fifteen  minutes. 

Compare  the  solutions  in  a  colorimeterf  immediately  thereafter. 

It  is  essential  that  the  depth  of  color  in  the  standard  and  unknown  be 
approximately  the  same.  If  it  is  not,  repeat  the  procedure,  using  a  more 
dilute  or  more  concentrated  standard  creatinine  solution. 

When  performing  the  determination  photocolorimetrically,  good  results 
will  be  obtained  with  a  green  filter  having  a  maximal  transmission  at  520 


m/x. 

Calculate  the  number  of  milligrams  of  creatinine  per  100  ml.  of  blood  or 
serum.  If  the  visual  colorimeter  was  used,  refer  to  page  67  for  the  equation 
used.  If  the  determination  was  performed  photocolorimetrically,  the  appro¬ 
priate  relationships  may  be  found  on  page  71,  or  a  calibration  curve  may 
be  used. 


Reagents: 

Picric  Acid  Solution.  Place  11.75  gm.  of  picric  acid  in  a  volumetric 

lask  and  dilute  to  1  liter.  Keep  in  a  stoppered  container  to  prevent  evapora¬ 
tion. 


10  Per  Cent  Sodium  Hydroxide  Solution. 

Alkaline  Picrate  Solution.  Mix  5  volumes  of  picric  acid  solution 
with  1  volume  of  10  per  cent  sodium  hydroxide  solution.  This  solution  must 
be  freshly  made  on  the  day  used. 

Stock  Standard  0.1  Per  Cent  Solution  of  Creatinine.  Carefully 

weigh  1.000  gm.  of  purified  creatinine  and  transfer  it  quantitatively  to  a 

1  liter  volumetric  flask,  using  0.1  ft  hydrochloric  acid  for  washing  purposes 

Make  to  mark  will,  0.1  ft  hydrochloric  acid  and  mix.  This  sofuHon  con' 

•ains  1.00  mg.  of  creatinine  per  milliliter.  Transfer  to  a  clean  drv  amber 
bottle  and  preserve  with  2  ml.  of  toluene.  ’  '  amber 

o  a'sooEiTANi  ARD  CREflATNE: ,  Wer  3.00  ml.  of  the  stock  solution 
..00  ml.  volumetric  flask,  add  50  ml.  of  0.1  ft  hydrochloric  acid,  dilute 


*  Folin  and  Wu,  /.  Biol.  Chem.,  38,  81  (1919)  •  Peters  1  Wnl  rh  ,  . 

tBy  placing  a  Corning  Class  Signal  Purple  No  ssi  mf'  -  “I"  ’  179  (1942)- 

visual  colorimeter,  comparisons^a^marmore0^.61'"  °Ver  ‘he  *"pi“e  °f 
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to  mark  with  water  and  mix.  Transfer  to  a  clean,  dry  bottle  and  preserve  wit 
0.5  ml.  of  toluene.  This  solution  contains  0.0060  mg.  of  creatinine  per  mil} 
liter. 


(а)  How  may  creatine  be  determined? 

(б)  Why  must  the  solutions  be  compared  within  fifteen  minutes? 

(c)  Wliy  must  both  the  standard  and  blood  solutions  be  made  up  at  th 
same  time  in  all  colorimetric  procedures? 

( d )  Wliy  should  the  solutions  not  be  heated? 

(e)  How  is  total  creatine-creatinine  in  the  blood  determined? 


Experiment  9.  The  Determination  of  Uric  Acid.*  Protein-fre 
Folin-Wu  blood  filtrate  is  treated  with  a  sodium  cyanide-urea  solution  i 
order  to  adjust  the  conditions  so  that  the  uric  acid  will  have  a  maximm 
reducing  effect.  Upon  the  addition  of  phosphotungstic  acid  reagent,  solub 
blue  oxides  of  tungsten  of  lower  valence  states  are  formed.  The  intensity  c 
the  color  is  a  measure  of  the  uric  acid  concentration. 

Procedure.  Make  a  protein-free,  Folin-Wu  blood  filtrate  (see  p.  79 
Be  sure  to  allow  the  mixture  to  stand  for  thirty  minutes  before  filtering. 

Pipette  5.00  ml.  of  the  tungstic  acid  filtrate  into  a  test  tube  graduated  s 
25  ml. 


Into  a  similar  tube,  pipette  5.00  ml.  of  the  dilute  uric  acid  standard  soli 
tion. 

By  means  of  a  10  ml.  graduated  cylinder,  add  to  each  tube  10  ml.  c< 
cyanide-urea  reagent.  (Highly  poisonousl) 

Whirl  the  tubes  at  an  angle  of  60  degrees  so  as  to  mix  their  conten" 

thoroughly. 

Add  4.0  ml.  of  the  uric  acid  reagent  to  each  tube. 

Again  mix  the  tube  contents  thoroughly. 

Allow  the  tubes  to  stand  at  room  temperature  for  twenty  minutes. 

Dilute  with  distilled  water  to  the  25  ml.  mark. 

Stopper  the  tubes  and  invert  them  several  times  in  order  to  mix  tb 
contents. 

Read  in  the  colorimeter  within  five  minutes  after  diluting. 

When  performing  the  determination  photocolorimetricaUy,  it  is  recon 
mended  that  but  1.00  ml.  of  protein-free  blood  filtrate  be  used.  Four  milll 
liters  of  distilled  water  are  then  added  so  as  to  keep  the  initial  volume  of  flu. 
at  5  ml.  Good  results  will  be  obtained  with  a  red  filter  having  a  maxrni- 

transmission  at  640  m/x.  .  ,  , 

Caution.  Those  solutions  which  contain  cyanide  should  be  discarded  t 

pouring  them  into  the  sink  and  then  flushing  them  down  the  drain  wit  I 
copious  quantities  of  water.  They  should  never  be  allowed  to  come  into  co. 

*  Benedict  /.  Biol.  Chem.,  51,  187  (1922) ;  54,  233  (1922) ;  Folin,  1.  Biol.  Chem.,  51 

termination  should  oontain  tho  minimum  amount  of  sodium  or  potmsmm  mtakm  a 
culty. 
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tact  with  acids,  because  the  extremely  poisonous  hydrogen  cyanide  would 

^ Calculate' 'the' number  of  milligrams  of  uric  acid  per  100  ml.  of  blood. 
When  using  the  visual  colorimeter,  refer  to  the  equations  on  page  67  It  a 
photoelectric  colorimeter  is  used,  the  appropriate  relationships  may  be  found 
on  page  71,  or  a  calibration  curve  may  be  used. 

Reagents: 

Cyanide-Urea  Reagent.  Weigh  into  a  2  liter  beaker,  75  gm.  of  C.P. 
sodium  cyanide  and  dissolve  the  salt  in  about  700  ml.  of  water.  Weigh 
300  gm.  of  pure  urea  and  dissolve  it  in  the  solution.  Add  4  to  5  gm.  of  pure 
calcium  oxide  and  stir  for  ten  minutes.  Allow  to  stand  overnight  and  filter 
the  next  day.  Add  to  the  filtrate  2  gm.  of  lithium  oxalate,  shake  for  ten  to 
fifteen  minutes,  and  filter  the  solution  into  a  clean  bottle.  (Keep  in  refrigera¬ 
tor.)  (Caution — sodium  cyanide  is  extremely  poisonous!) 

Uric  Acid  Reagent.  Transfer  200  gm.  of  sodium  tungstate  (which  is 
molybdate-free)  to  a  750  ml.  flask.  Mix  65  ml.  of  85  per  cent  syrupy  phos¬ 
phoric  acid  with  150  ml.  of  water,  and  add  it  slowly  and  with  constant  mix¬ 
ing  to  the  sodium  tungstate.  Drop  a  few  clean  glass  beads  into  the  flask.  Boil 
the  solution  gently  for  an  hour,  condensing  the  vapors  by  placing  a  funnel, 
holding  a  water-filled  vessel,  in  the  neck  of  the  flask  (or  a  reflux  condenser 
will  do).  Remove  the  condenser  and  add  a  few  milliliters  of  bromine  water. 
Mix  and  then  boil  off  the  excess  bromine  in  a  hood.  Add  5  to  10  gm.  of 
sodium  tungstate.  Boil  again  for  ten  to  fifteen  minutes.  Cool  and  decolorize 
as  before  by  adding  a  little  bromine  water  and  then  boiling  off  the  excess. 
When  cool,  transfer  to  a  500  ml.  volumetric  flask.  Dilute  to  mark,  mix  and 
store  in  an  amber  bottle. 

Lithium  Oxalate.  Weigh  50  gm.  of  lithium  carbonate  into  a  3  liter 
beaker.  Add  to  it  85  gm.  of  crystalline  oxalic  acid.  Pour  into  the  mixture  1 
liter  of  water,  previously  heated  to  70  °C.,  and  stir  vigorously  until  foaming 
ceases.  Add  1  liter  of  95  per  cent  alcohol.  Stir  and  filter  the  solid  on  a 
Buchner  funnel.  Wash  with  a  mixture  of  alcohol  and  water  (1:1).  Dry  in  air. 

Stock  0.1  Per  Cent  Uric  Acid  Standard  Solution.  Weigh  1.000  gm. 
of  uric  acid  and  transfer  it  quantitatively  to  a  1  liter  volumetric  flask.  To 
0  6  gm.  of  lithium  carbonate  in  a  250  ml.  flask,  add  150  ml.  of  water  and 
shake  until  the  salt  is  dissolved.  Filter  the  solution.  Heat  the  filtrate  to  60 °C. 
and  warm  the  volumetric  flask  under  running  warm  water.  Pour  the  lithium 
carbonate  solution  into  the  flask,  washing  down  the  neck  and  sides  with  the 
solution.  Shake  the  warm  mixture  for  five  minutes  and  quickly  cool  under 
running  lap -water  (neglect  any  turbidity).  Add  20  ml.  of  formalin  (40  per 
cent  formaldehyde)  and  half  fill  the  flask  with  water.  Add  by  means  of  a 
p.pette,  25  m  .  of  N  sulfuric  acid,  while  shaking  the  flask.  Dilute  to  a  liter 
mlr.  '?r0U.^  ’ly  and  transfer  t0  3  clean>  dry,  well-stoppered  amber  bottle.  ’ 

fer  1.00  ml.  of  the  stock  uric  acid  solution  to  l  2^  f  *  ,VVpett*  *"an,s- 
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{a)  What  substance  in  blood  seriously  interferes  with  this  determination: 
(6)  What  other  method  may  be  applied  to  urine? 

(c)  Why  is  method  (6)  not  applicable  to  blood? 

( d )  Why  is  cyanide-urea  added? 

(e)  Why  are  tubes  allowed  to  stand  for  twenty  minutes? 

(/)  What  gas  is  formed  when  the  uric  acid  reagent  is  added  to  both  tubes 
containing  cyanide-urea? 


Experiment  10.  The  Determination  of  Cholesterol.*  The  lipids  ii 
blood  or  serum  are  extracted  with  an  alcohol-ether  mixture;  at  the  same  time 
the  proteins  are  precipitated.  An  aliquot  of  the  extract  is  evaporated  to  dry 
ness;  the  residue  is  then  extracted  with  chloroform.  Taking  advantage  of  the 
Liebermann-Bur chard  reaction,  acetic  anhydride  and  sulfuric  acid  are  addec 
to  the  chloroform  solution,  giving  rise  to  a  blue-green  color,  the  depth  o:> 
which  is  a  measure  of  the  amount  of  total  cholesterol  present  (free  cholestero 
plus  cholesterol  esters). 

Extraction.  Pour  about  20  ml.  of  Bloor’s  alcohol-ether  mixture  into  £ 
dry  25  ml.  volumetric  flask. 

Add  slowly,  from  a  pipette,  1.00  ml.  of  whole  blood,  serum  or  plasmaj 
keeping  the  contents  of  the  flask  in  constant  motion  to  prevent  clumping 
of  the  precipitate  which  forms. 

Dilute  to  the  25  ml.  mark  with  Bloor’s  mixture.  Stopper  immediately  ano 
shake  vigorously. 

Allow  to  stand  for  at  least  one  hour  at  room  temperature,  shaking  occa< 
sionally. 

Insert  a  dry,  fluted  filter  paper  in  a  dry  funnel. 

Pour  the  contents  of  the  volumetric  flask  onto  the  filter  paper,  immediately 
covering  the  funnel  with  a  watch  glass. 

Collect  the  filtrate  in  a  dry  50  ml.  Erlenmeyer  flask.  (If  both  total  cholesn 
terol  and  cholesterol  esters  are  to  be  determined,  all  quantities  in  this  proi 
cedure  may  be  doubled.  The  filtrate  may  be  used  for  both  determinations.^ 

Procedure.  As  soon  as  12  to  15  ml.  of  the  filtrate  have  been  collected! 

transfer  10.00  ml.  of  it  to  a  50  ml.  dry  beaker. 

Evaporate  almost  to  dryness  on  a  steam  bath,f  completing  the  total 
evaporation  of  the  solvent  at  room  temperature.  (A  gentle  current  of  dry  ai: 

may  be  used  to  blow  off  the  last  traces  of  solvent.) 

By  means  of  a  dry  medicine  dropper,  add  about  3  ml.  of  chloroform  tc 
the  residue,  washing  down  the  sides  of  the  beaker  during  the  addition. 

Heat  the  beaker  until  the  chloroform  is  warm,  but  do  not  boii. 

Carefully  decant  the  cholesterol  extract  into  a  dry,  10  ml.  glass-stoppereci 

graduated  cylinder. 

Repeat  the  extraction  of  the  residue  with  another  3  ml.  of  chloroform,  ana 
decant  into  the  same  cylinder.  Repeat  a  third  time. 


*  Bloor,  Pelkan  and  Allen,  /.  Biol.  Chem.,  52,  191 
203  (1915) ;  Bloor,  J.  Biol.  Chem.,  77,  53  (1928)  ; 

Chem.,  106,  745  (1934). 

t  Presence  of  water  interferes  with  the  color. 


(1922)  ;  Sackett,  /.  Biol.  Chem.,  64 I 
Schoenheimer  and  Sperry,  J.  Bioli 
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Allow  the  solution  in  the  cylinder  to  reach  room  temperature  and  then  add 
chloroform  to  the  10  ml.  mark.  Stopper  immediately  thereafter. 

Pipette  5.00  ml.  of  the  dilute  standard  cholesterol  solution  into  a  second 
10  ml.  glass-stoppered  graduated  cylinder,  which  must  he  dry. 

Dilute  to  the  10  ml.  mark  with  chloroform  and  stopper  immediately. 

Add  to  both  cylinders  2.0  ml.  of  acetic  anhydride  and  0.1  ml.  ot  con- 

centrated  sulfuric  acid.  , 

Immediately  replace  the  stoppers  in  the  cylinders  and  invert  them  seveial 

times. 

Place  the  cylinders  in  a  dark  place,  preferably  at  25  to  26  C.,  for  fifteen 
minutes. 

Immediately  after  that  time  has  elapsed,  read  the  solutions  in  the  color¬ 


imeter. 

When  performing  the  determination  photocolorimetrically,  a  red  filter 
with  maximal  transmission  at  625  m/x.  will  give  good  results. 

Calculate  the  number  of  milligrams  of  cholesterol  per  100  ml.  of  serum. 
When  using  the  visual  colorimeter,  refer  to  the  equations  on  page  67.  If  a 
photoelectric  colorimeter  is  used,  the  appropriate  relationships  may  be  found 
on  page  71,  or  a  calibration  curve  may  be  used. 

Reagents: 

Bloor’s  Mixture.  Three  parts  of  95  per  cent  ethyl  alcohol  and  1  part 
of  ether.  Both  the  ether  and  alcohol  must  have  been  previously  distilled. 

Chloroform.  Redistill,  water-free. 

Acetic  Anhydride,  C.P. 

Sulfuric  Acid,  concentrated  C.P. 

Stock  0.1  Per  Cent  Cholesterol  Solution  in  Chloroform.  Care¬ 
fully  weigh  out  0.100  gm.  of  recrystallized  pure  cholesterol  and  transfer  to  a 
100  ml.  clean,  dry  volumetric  flask.  Add  chloroform  up  to  mark,  stopper 
and  shake  to  dissolve  the  solid.  Transfer  immediately  to  a  well-stoppered 
dry  bottle. 

Dilute  Standard  Cholesterol  Solution  in  Chloroform.  Transfer 
1.00  ml.  of  the  stock  cholesterol  solution  to  a  dry  10  ml.  volumetric  flask. 
Make  to  mark  with  chloroform.  Keep  stoppered.  Make  up  freshly  each  time. 
This  solution  contains  0.10  mg.  of  cholesterol  per  milliliter. 

(а)  What  are  good  solvents  for  lipids? 

(б)  What  gravimetric  method  may  be  used  to  determine  cholesterol? 

(c)  How  can  we  differentiate  free  and  combined  cholesterol? 

W)  What  form  of  cholesterol  does  the  colorimetric  procedure  determine’ 

(e)  Is  the  colorimetric  method  specific  for  cholesterol? 


Experiment  11.  The  Determination  of  Cholesterol  Esters.  Since 
e  cholesterol  ester  is  found  in  red  cells,  serum  or  plasma  is  the  preferred 
me  mm.  It  is  extracted  with  alcohol-ether  mixture  to  remove  the  lipids  and 
to  precipitate  the  proteins.  The  free  cholesterol  in  the  extract  is  predp  tated 
as  the  insoluble  cholesterol-digitonide  by  the  addition  of  digitonh/ After 
evaporating  to  dryness,  the  cholesterol  esters  are  extras  •  t  , 

ether  and  determined  by  the  Liebermann-Burchard  reaction  ‘  P  ^ 
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Procedure.  Prepare  an  alcohol-ether  filtrate  of  the  serum  or  plasma 
as  directed  under  Extraction ,  page  98. 

Transfer  15.00  ml.  of  the  alcohol-ether  filtrate  to  a  dry  50  ml.  beaker. 

Add  1  ml.  of  1  per  cent  alcoholic  digitonin  solution.  Mix  by  gently 
rotating  the  beaker. 

Evaporate  almost  to  dryness  on  a  steam  bath  and  complete  the  total 
evaporation  of  the  solvent  at  room  temperature.  (A  gentle  current  of  dry  air 
may  be  used  to  blow  off  the  last  traces  of  solvent.) 

Add  15  ml.  of  petroleum  ether. 

Cover  with  a  watch  glass,  place  in  a  60°  to  70°C.  water  bath.  (Be  careful 
of  flames!) 

Boil  gently  until  about  half  the  liquid  remains. 

Cool  and  then  carefully  decant  the  ether  extract  into  a  dry  50  ml.  beaker. 

Repeat  the  extraction  and  decantation  with  two  succeeding  portions  of 
7  to  8  ml.  of  petroleum  ether. 

Evaporate  the  combined  extracts  to  dryness.  (The  oily  film  remaining  in 
the  beaker  is  the  cholesterol  ester.) 

Extract  the  residue  with  3  ml.  portions  of  chloroform  and  continue  the 
procedure  exactly  as  described  under  The  Determination  of  Cholesterol, 
page  98,  beginning  with,  “By  means  of  a  dry  medicine  dropper.  . 


Reagents: 

Petroleum  Ether.  Reagent  grade  (B.P.  30°  to  60°C.). 

1  Per  Cent  Digitonin  Solution.  Dissolve  1  gm.  of  digitonin  in  100 
ml.  of  80  per  cent  ethyl  alcohol.  Cool  and  filter  into  an  amber  bottle. 

Other  Reagents.  Refer  to  Experiment  10,  under  Reagents . 


Experiment  12.  The  Determination  of  Sulfonamides.*  Blood  is 
laked  by  the  addition  of  water,  and  the  proteins  are  precipitated  with  tri¬ 
chloracetic  acid.  The  acid  filtrate  so  obtained  is  treated  with  a  sodium  nitrite 
solution.  Those  sulfonamides  having  a  free  amino  group  on  the  benzene  ring 
are  diazotized.  Excess  nitrite  ion,  which  interferes  with  the  subsequent  de¬ 
velopment  of  color,  is  destroyed  by  the  addition  of  ammonium  sulfamate. 
The  diazo  compound  is  coupled  with  N-(  1-naphthyl)  ethylenediamine 
dihydrochloride  to  form  a  stable,  soluble  dye.  The  intensity  of  the  purplish- 
red  color  produced  is  proportional  to  the  concentration  of  the  free  sulfa 

compound. 

Procedure.  Pipette  31.00  ml.  of  water  into  a  dry  125  ml.  Erlenmeyer 
flask. 

Add  1.00  ml.  of  oxalated  blood,  allowing  the  pipette  to  drain  slowly. 

Mix  thoroughly  and  allow  to  stand  several  minutes  to  insure  complete 

lakmg. 

Add  8.00  ml.  of  15  per  cent,  freshly  prepared  trichloracetic  acid. 

Stopper  the  flask  and  shake  it  vigorously.  _ 

Filter  through  a  dry  filter  paper  into  a  dry  flask,  pouring  back  the  firs^few 

drops  for  refiltration  if  necessary. 

*  Marshall  and  Litchfield,  Science,  88,  285  (1938);  Bratton  and  Marshall,  7.  Biol. 
Oxem.,  128,  537  (1939). 
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Pipette  10.00  ml.  of  the  water-clear  filtrate  into  a  test  tube  graduated  at 


20lS  a  second  similar  tube,  pipette  5.00  ml  of  the  dilute  standard  sulfona¬ 
mide  solution  and  2  ml.  of  15  per  cent  trichloracetic  acid. 

****Add  0.5  ml.  of  0.1  per  cent  sodium  nitrite  solution  to  each  tube. 

Mix  thoroughly  and  allow  to  stand  for  four  minutes  to  obtain  complete 

^  Add  0.5  ml.  of  0.5  per  cent  ammonium  sulfamate  solution  to  each  tube. 
Mix  thoroughly  and  allow  to  stand  for  three  minutes.  # 

Add  0.5  ml.  of  0.1  per  cent  N-(l -naphthyl)  ethylenediamine  dihydro- 

shloride  solution  and  mix  thoroughly  once  again. 

Allow  the  color  to  develop  for  at  least  one  minute.  # 

Dilute  to  the  20  ml.  mark  with  distilled  water,  stopper  the  tubes,  and  mix 

>v  inverting  them  several  times. 

'Compare  the  solutions  in  the  colorimeter  within  thirty  minutes  of  the 
final  dilution. 

Some  of  the  total  sulfonamide  which  may  be  present  in  blood— and 
practically  all  of  that  in  the  urine— is  in  a  combined  form.  The  liver 
cetylates  the  amino  group.  Such  conjugated  sulfonamides  do  not  diazotize 
or  yield  a  dye  by  the  above  reactions. 

In  order  to  determine  the  total  sulfonamide  concentration  in  blood,  10.00 
ml.  of  the  protein-free  filtrate  are  placed  in  a  tube  graduated  at  20  ml.  and 
lien  heated  in  an  actively  boiling  water  bath  for  forty-five  to  sixty  minutes 
with  0.5  ml.  of  4  M  hydrochloric  acid.  This  hydrolyzes  the  conjugated  drug. 
Hie  solution  is  cooled  and  then  treated  as  in  the  determination  of  free 
sulfonamides  (see  above).  The  difference  between  the  values  of  the  free 
md  total  sulfonamides  gives  the  concentration  of  conjugated  drug. 

Sulfonamides  in  urine  may  be  determined  in  a  similar  manner  upon 
ippropriate  dilution. 

Calibration  Curve.  Place  six  large  test  tubes  graduated  at  20  ml.  in  a 
rack.  Pipette  into  them  the  quantities  of  dilute  standard  sulfonamide  solution 
md  water  listed  in  the  table  below: 


Tube 

Number 

Ml.  of  Dilute  Standard 
Sulfonamide  Solution 

Ml.  of 
Water 

Mg. 

Per  Cent 

1 . 

2.00 

10.00 

4 

2 . 

4.00 

8.00 

8 

3 . 

6.00 

6.00 

12 

4 . 

8.00 

4.00 

16 

5 . 

10.00 

2.00 

20 

6 . 

12.00 

0.00 

24 

Add  to  each  2  ml.  of  15  per  cent  trichloracetic  acid. 

Continue  exactly  as  the  above  for  the  unknown  from  the  asterisks  on. 

Read  in  a  photoelectric  colorimeter,  using  the  appropriate  filter.  One  with 
maximal  transmission  in  the  green  at  545  m,*.  will  give  good  results, 
riot  the  data  on  linear  or  semilog  graph  paper. 

Sulla  drugs  such  as  sulfanilamide,  sulfapyridine,  sulfathiazole,  sulfa- 


# 

102  Laboratory  IManual  of  Biochemistry 

diazine,  sulfaguanidine,  sulfamerazine,  and  the  like  are  all  determined  in  th 

above  manner.  In  each  case,  however,  standards  of  the  particular  druj 
should  be  used. 

Reagents: 

Stock  Standard  Sulfonamide  Solution.  Weigh  0.1000  gm.  of  puri 
dry  sulfonamide  and  transfer  it  to  a  1  liter  volumetric  flask  with  a  littl 
distilled  water.  Add  a  few  drops  of  10  per  cent  sodium  hydroxide  or  2  I\ 
sulfuric  acid  to  dissolve  the  solid.  Neutralize  approximately.  Dilute  to  mar 
with  distilled  water.  Mix  thoroughly.  Transfer  to  a  dry,  amber  bottle.  Thii 
solution  contains  0.10  mg.  of  sulfonamide  per  milliliter,  and  is  stable  fo 
several  months  if  kept  refrigerated. 

Dilute  Standard  Sulfonamide  Solution.  Pipette  5.00  ml.  of  thi 
stock  standard  sulfonamide  solution  into  a  100  ml.  volumetric  flask.  Dilutl 
to  mark  with  distilled  water.  Mix  thoroughly.  This  solution  is  stable  for  bu 
a  few  days.  It  contains  0.0050  mg.  of  sulfonamide  per  milliliter. 

Trichloracetic  Acid,  15  Per  Cent.  Weigh  out  quickly  in  a  smal 
beaker  counterpoised  on  the  pan  of  a  scale,  about  18  gm.  of  pure  trichlori 
acetic  acid.  ( This  must  be  done  rapidly ,  since  the  material  is  very  hygrc 
scopic;  and  cautiously ,  because  it  produces  painful  burns  if  it  comes  in  con 
tact  with  the  skin!)  Add  82  ml.  of  water.  Dissolve,  mix  and  transfer  to  i 
clean  bottle.  Make  up  freshly  once  a  week.  Store  in  the  refrigerator. 

Sodium  Nitrite,  0.1  Per  Cent.  Dissolve  1  gm.  of  sodium  nitrite  ii 
distilled  water  and  make  up  to  1  liter  in  a  volumetric  flask.  This  reagen 
will  not  keep  for  more  than  a  day. 

N-(  1-Naphthyl)  Ethylenediamine  Dihydrochloride,  0.1  Per  Cent 
Dissolve  100  mg.  of  the  compound  in  distilled  water  and  dilute  to  100  ml 
in  a  volumetric  flask.  Keep  in  a  glass-stoppered,  dark  bottle. 

Ammonium  Sulfamate,  0.5  Per  Cent.  Dissolve  0.5  gm.  of  crystalline 
ammonium  sulfamate  in  distilled  water  and  dilute  to  100  ml.  in  a  volumetrie 
flask. 

Hydrochloric  Acid,  4  M.  Dilute  33  ml.  of  concentrated  hydrochlori* 
acid  to  100  ml. 


Experiment  13.  The  Determination  of  Phosphorus  (Inorganic  Phos 
phates).*  The  phosphates  in  a  protein-free  blood  filtrate  are  mixed  witl 
excess  ammonium  molybdate  to  form  ammonium  phosphomolybdate.  1,2,4] 
aminonaphtholsulfonic  acid  made  up  in  a  sulfite-bisulfite  solution  is  addec 
to  reduce  the  hexavalent  molybdenum  of  phosphomolybdic  acid  to  blue 
colored  reduction  products.  The  reagent  has  a  negligible  effect  on  th« 
hexavalent  molybdenum  of  molybdic  acid.  The  color  thus  produced  is  £ 
measure  of  the  amount  of  phosphomolybdic  acid  formed  and  hence  of  th« 


concentration  of  phosphate  ion  originally  present. 

Procedure.  Pipette  into  a  dry  50  ml.  Erlenmeyer  flask,  8.00  ml.  of  £ 

10  per  cent  trichloracetic  acid  solution. 

Rotate  the  flask  gently  and  slowly  add,  from  a  pipette,  2.00  ml.  of  whole 
blood  (serum  or  plasma),  keeping  the  flask  constantly  in  motion. 

*  Bell  and  Doisy,  /.  Biol  Chem.,  44,  55  (1920)  ;  Briggs,  /.  Biol  Chem.,  53,  13  (1922) : 
59  255  (1924);  Fiske  and  Subbarow,  J.  Biol  Chem.,  66,  375  (1015) ;  Youngbeirg  anc 
Youngburg,  7.  Lab.  and  Clin.  Med.,  16,  158  (1930) ;  Kuttner  < and  < Khen  /.  B,ol.  Chem. 
75  517  (1927)  ;  Kuttner  and  Lichtenstein,  /.  Biol.  Chem.,  86,  671  (1930). 


Determinations  of  Various  Constituents  in  Blood  103 


Stopper  the  flask  and  then  shake  it  vigorously. 

Place  a  dry,  folded  piece  of  filter  paper  in  a  dry  funnel,  and  beneath  it 

dry  50  ml.  Erlenmeyer  flask.  # 

Filter  the  mixture  and  cover  the  funnel  with  a  watch  glass. 

Transfer  5.00  ml.  of  the  filtrate  to  a  10  ml.  volumetric  flask  and  stopper  it. 
Transfer  5.00  ml.  of  the  standard  phosphate  solution  to  a  100  mi.  volu¬ 


metric  flask.  Add  approximately  60  ml.  of  water. 

To  the  unknown  add  1.00  ml.  of  2.5  per  cent  ammonium  molybdate  solu¬ 
tion  in  3  A  sulfuric  acid  and  mix.  .  . 

To  the  standard  add  10  ml.  of  ammonium  molybdate  solution  in  5  A 


sulfuric  acid  and  mix. 

To  the  unknown  add,  by  means  of  a  1  ml.  Mohr  pipette,  exactly  0.4  ml. 
of  the  sulfonic  acid  reagent  and  mix. 

To  the  standard  add  4.00  ml.  of  the  sulfonic  acid  reagent  and  mix. 

Dilute  each  solution  to  mark  with  water. 

Stopper  each  flask,  mix  the  contents  thoroughly,  and  allow  to  stand  for 
eight  minutes. 

Compare  in  a  colorimeter  immediately  thereafter. 

When  performing  the  determination  photocolorimetrically,  good  results 
will  be  obtained  with  a  red  filter  having  a  maximal  transmission  at  640 
millimicrons. 

Calculate  the  number  of  milligrams  of  phosphorus  per  100  ml.  of  blood 
or  serum.  If  the  visual  colorimeter  was  used,  refer  to  page  67  for  the 
equation.  If  the  determination  was  performed  photocolorimetrically,  the 
appropriate  relationships  may  be  found  on  page  71,  or  a  calibration  curve 
may  be  used. 


Reagents: 

10  Per  Cent  Trichloracetic  Acid.  Weigh  out  quickly  in  a  small 
beaker  counterpoised  on  the  pan  of  a  scale,  about  12  gm.  of  pure  trichloracetic 
acid.  (See  precautions  for  preparation,  p.  102).  Add  88  ml.  of  water.  Dis¬ 
solve,  mix,  and  transfer  to  a  clean  bottle.  Make  up  freshly  once  a  week. 
Store  in  the  refrigerator. 


2.5  Per  Cent  Ammonium  Molybdate  Solution  in  5  A  Sulfuric  Acid. 
Weigh  out  25  gm.  of  ammonium  molybdate  and  dissolve  in  200  ml.  of  water. 
Transfer  it  quantitatively  to  a  1  liter  volumetric  flask  containing  500  ml.  of 
10  A  sulfuric  acid,  rinsing  with  water.  Dilute  to  mark  with  water,  mix  and 
transfer  to  a  clean,  dry  bottle. 


2.5  Per  Cent  Ammonium  Molybdate  Solution  in  3  A  Sulfuric  Acid 

Prepare  as  before,  but  place  only  300  ml.  of  10  N  sulfuric  acid  in  the  volu' 
metric  flask. 

0.25  Per  Cent  1,2,4-Aminonaphtholsulfonic  Acid.  Place  about  90 
ml.  of  water,  which  has  been  heated  to  95°C„  in  a  100  ml.  volumetric  flask 
*J.ch  ls,  tienr  kept  'va.rm  fy  Pacing  on  a  steam  bath.  Weigh  15  gm  of 
wlT0  25  7 d!  oT  U  in,  the  h0t  Water  in  volumetrif  flask 

»*  r  sr 

ro ‘r„ " 

obtained.  Cool  the  flask  and  contents  to  room  temperature b™hoMing  Si 
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cold,  running  tap  water.  Dilute  to  mark  and  filter.  This  solution  must  be 
made  up  freshly  every  week. 

Standard  Phosphate  Solution.  Weigh  0.3509  gm.  of  pure  mono¬ 
potassium  phosphate  and  quantitatively  transfer  it  to  a  1  liter  volumetric 
flask.  Add  about  500  ml.  of  water  and  10  ml.  of  10  N  sulfuric  acid.  Mix  and 
dilute  to  mark.  Transfer  to  a  clean,  dry,  amber  bottle.  This  standard  contains 
0.080  mg.  of  phosphorus  per  milliliter. 

(а)  What  gravimetric  methods  may  be  used? 

(б)  What  volumetric  methods  may  be  used? 

(c)  Why  cannot  tungstic  acid  be  used  to  precipitate  proteins  in  a 
phosphorus  determination? 

( d )  What  are  some  other  agents  used  to  reduce  phosphomolybdate? 

(e)  Why  is  it  necessary  to  use  two  ammonium  molybdate  solutions? 

(/)  Why  are  sodium  bisulfite  and  sodium  sulfite  added  to  the  1,2,4- 
ami  non  aphtholsulf  on  ic  acid? 

Experiment  14.  The  Determination  of  Serum  Alkaline  Phosphatase.* 
Serum  or  plasma  contains  an  enzyme  capable  of  catalyzing  the  hydrolysis 
of  certain  organic  phosphates.  The  optimum  activity  of  this  enzyme  is  at  a 
pH  of  about  8.6. 

The  phosphatase  content  is  determined  by  estimating  the  amount  of  the 
product  of  enzymatic  activity  formed  in  a  certain  time,  under  fixed  conditions 
of  pH,  temperature,  and  salt  content.  One  of  the  most  widely  used  units  of 
phosphatase  activity  is  that  of  Bodansky,  which  is  defined  as  the  amount  of 
enzyme  which  liberates  1  mg.  of  phosphorus,  as  phosphate  ion,  during  the 
first  hour  of  incubation  at  37  °C.  and  at  pH  8.6,  from  the  substrate,  sodium 
beta-glycerophosphate,  the  hydrolysis  not  exceeding  10  per  cent  of  the 
substrate. 

The  serum  is  incubated  with  a  buffered  glycerophosphate  solution.  The 
phosphorus  (as  the  phosphate  ion)  released  by  the  phosphatase  present  is 
obtained  by  determining  the  difference  between  the  phosphorus  content  after 
incubation  and  the  phosphorus  content  of  the  serum.  The  phosphorus  is 

determined  in  the  usual  manner  (p.  102). 

Procedure.  Insert  a  pipette  through  the  petroleum  ether  layer  into  the 
buffered  glycerophosphate  solution,  holding  the  finger  over  the  upper  end 
of  the  pipette  to  prevent  any  of  the  petroleum  ether  from  getting  into  the 
pipette.  Transfer  about  7  ml.  of  the  glycerophosphate  into  a  dry  test  tube, 
avoiding  aeration  of  the  substrate,  and  place  in  a  water  bath  at  37  C.  for  ten 

minutes  in  order  to  reach  that  temperature. 

Transfer  a  freshly  drawn  sample  of  blood  to  a  clean,  dry  centrifuge  tube. 
Allow  to  stand  until  the  clot  which  forms  contracts,  and  the  clear  serum 

separates.  Gently  loosen  the  clot  with  a  stiff  wire. 

Centrifuge  a  sample  of  unhemolyzed  blood.  Draw  off  the  clear  serum  by 
means  of  a  pipette,  taking  care  not  to  mix  red  cells  with  the  serum. 

Keep  the  clear  serum  at  37 °C.  for  several  minutes. 

Transfer  5.00  ml.  of  the  glycerophosphate  solution  to  a  small  test  tube, 
and  place  in  the  water  bath  at  37  °C.  for  a  few  minutes. 

*  Bodansky,  /.  Biol.  Chem.,  101 ,  93  (1933)  ;  Roe  and  Whitmore,  Am.  J.  Clin.  PatK  8, 

233  (1938). 
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Add  0.50  ml.  of  the  serum,  mix,  and  stopper  loosely  with  ^^r  ^pper 
Replace  the  test  tube  and  its  contents  in  the  water  bath,  “J  f°J  “ 
stan/at  37°C.  for  exactly  one  hour  from  the  time  of  the  additio 

serum  to  the  glycerophosphate  solution.  F  , 

In  the  meantime,  transfer  2.00  ml.  of  serum  to  a  dry  50  ml.  Erlenmeye 

flask  and  start  the  determination  of  inorganic  phosphorus  (p.  10^1 . 

Exactly  one  hour  after  the  addition  of  the  serum  to  the  buffere  g  y- 
cerophosphate  solution,  remove  the  test  tube,  cool  immediately  in  ice .water, 
and  add  4.50  ml.  of  15  per  cent  trichloracetic  acid  while  rotating  the  tube 

gently. 

Shake  the  tube  well,  and  centrifuge.  Transfer  5.00  ml.  of  the  supernatant 
to  a  10  ml.  volumetric  flask  and  determine  the  inorganic  phosphorus  present 

(p.  102). 

Calculate  the  number  of  alkaline  phosphatase  units  per  100  ml.  of  serum. 
This  is  equal  to  the  milligrams  per  cent  of  phosphorus  determined  in  the 
incubated  sample  of  serum  (due  to  the  original  phosphorus  content  plus  the 
phosphorus  hydrolyzed  from  organic  phosphates  under  the  influence  of  the 
phosphatase)  minus  the  milligrams  per  cent  of  phosphorus  in  the  original 
serum. 


Reagents: 

Buffered  Glycerophosphate  Substrate  Solution.  Dissolve  2.5  gm. 
of  sodium  beta-glycerophosphate  and  2.12  gm.  of  monosodium  diethyl- 
barbiturate  in  distilled  water,  and  make  up  to  mark  in  a  500  ml.  volumetric 
flask.  Preserve  the  substrate  in  the  refrigerator  in  glass  stoppered  bottles 
(100  or  250  ml.)  under  a  layer  of  washed  petroleum  ether  (B.P.  30°  to 
36 °C.)  about  3  cm.  thick.  The  reagent  should  be  freshly  prepared  every  two 
months. 

Trichloracetic  Acid,  15  Per  Cent.  Eighteen  grams  of  pure  tri¬ 
chloracetic  acid  are  added  to  82  ml.  of  distilled  water.  (See  precautions  for 
preparation,  p.  102.) 

For  other  reagents,  see  the  determination  of  inorganic  phosphorus  (p.  103). 

(а)  Write  the  structural  formula  of  sodium  beta-glycerophosphate. 

(б)  Why  is  it  important  to  incubate  for  exactly  one  hour? 

(c)  Does  the  pH  of  the  mixture  change  during  incubation?  Why? 

(d)  Why  is  the  substrate  covered  with  petroleum 
ether  and  kept  in  the  refrigerator? 

(e)  What  is  the  probable  function  of  alkaline  phos¬ 
phatase  in  the  body? 

(/)  What  are  normal  phosphatase  values  for  (1) 
children,  (2)  adults? 

(g)  In  what  diseases  may  the  phosphatase  values  be 
high? 

(h)  Name  and  describe  two  other  units  of  phos¬ 
phatase  activity  besides  the  Bodansky  unit. 

(i)  Why  must  unhemolyzed  blood  or  serum  not 

contain, ng  red  cells  be  used  in  the  phosphorus  deter- 
mination  ? 


Fig.  20.  Centrifuge 
tube  fitted  into  a 
trunnion. 
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Experiment  15.  The  Determination  of  Calcium.*  Serum  or  plasm* 
is  treated  with  ammonium  oxalate,  precipitating  the  calcium  as  calcium 
oxalate.  The  washed  precipitate  is  dissolved  in  sulfuric  acid  and  titrated  with 
a  standardized  potassium  permanganate  solution. 

Ca++  -j-  C204=  — >  CaC204 
CaC204  +  H2S04  —v  H2C204  +  CaS04 

5H2C204  +  2KMn04  +  3H2S04  — >  K2S04  +  2MnS04  +  10CO- 

-f*  8H2C 

Use  of  the  Centrifuge.  Transfer  the  material  to  be  centrifuged  to  b 
dry  conical  15  ml.  centrifuge  tube. 

Place  the  tube  in  a  brass  centrifuge  cup  which  is  fitted  into  a  trunnion 
(Fig.  20) .  (See  that  there  is  a  rubber  cushion  in  the  bottom  of  the  brass  cup.) 

Add  water  to  a  second  centrifuge  tube  until  its  volume  is  approximately 
the  same  as  that  of  the  liquid  in  the  first  tube.  Place  the  tube  in  another  brass 
cup  fitted  with  a  trunnion. 

Put  the  two  assemblies  on  the  pans  of  a  scale.  With  a  pipette  or  wash 
bottle,  add  water  to  one  of  the  brass  cups  until  the  assemblies  exactly  balance. 

Place  the  assemblies  on  opposite  arms  of  the  centrifuge  head.  (Several 
pairs  may  be  centrifuged  at  the  same  time,  depending  on  the  size  of  the  head. 
Each  individual  pair  must  be  balanced.  The  balanced  assemblies  must  be 
placed  opposite  each  other.) 

Close  the  cover  of  the  centrifuge.  Slowly  bring  up  the  rheostat  until  the 
desired  speed  is  attained.  (If  the  centrifuge,  at  high  speed,  rattles  or  rumbles, 
stop  it  and  rebalance  the  cups.) 

Allow  the  centrifuge  to  run  at  high  speed  for  fifteen  to  twenty  minutes  to 
separate  red  cells  from  plasma. 

Rapidly  bring  the  rheostat  to  the  “Off”  position.  Allow  the  centrifuge  to 
slow  down  to  a  stop.  (Do  not  apply  the  brake  or  open  the  cover  until  the 
head  ceases  to  rotate.) 

After  a  sample  of  blood  has  been  centrifuged,  the  plasma  may  be  with¬ 
drawn  without  disturbing  the  cells  by  the  careful  use  of  a  pipette  which  has  a 
piece  of  rubber  tubing  attached  to  the  upper  end.  Good  control  of  the  suction 
may  be  accomplished  by  squeezing  the  rubber  tube  with  the  fingers. 

Procedure.  Obtain  a  sample  of  heparinized  blood.  (Blood  treated  with 
fluoride,  oxalate  or  citrate  cannot  be  used.  The  serum  obtained  from  a  sample 
of  clotted  blood  or  from  defibrinated  blood  may  be  used.) 

Centrifuge  the  blood  and  withdraw  the  plasma,  taking  care  not  to  dilute  it. 

Transfer  2.00  ml.  of  the  plasma  (or  serum)  to  a  scrupulously  clean  15  ml. 
conical  centrifuge  tube.  (The  tubes  should  be  heated  at  100  C.  in  sulfuric 
acid-dichromate  “cleaning  mixture”  before  use.  They  should  then  be  rinsed 
with  copious  quantities  of  tap  and  then  distilled  water.) 

Add  to  the  tube  2  ml.  of  water  and  1  ml.  of  4  per  cent  ammonium  oxalate 
solution,  allowing  the  solutions  to  drop  directly  into  the  plasma  and  not 
touching  the  sides  of  the  tube. 

Mix  the  contents  by  holding  the  tube  at  the  mouth  with  the  thumb  and 


•Kramer  and  Tisdall,  /.  Biol.  Chem.,  47  475  (1921) :  Clark,  /Md.,  39,  487  (1921); 
Tisdall,  Ibid.,  56,  439  (1923)  ;  Clark  and  Colhp,  Ibid.,  63,  461  (1925). 
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index  finger  and  imparting  a  circular  movement  to  the  contents  by ( 

tlie  lower  end  of  the  tube.  (When  the  material  at  the  apex  of  the  tube  has 

been  mixed,  the  process  has  been  completed.) 

Allow  to  stand  thirty  minutes  to  one  hour. 

Thoroughly  mix  the  contents. 

Centrifuge  for  seven  minutes  at  high  speed,  taking  all  precautions. 

Carefully  pour  off  the  supernatant  fluid  from  the  tube  without  disturbing. 

While  the  tube  is  still  inverted,  let  it  drain  in  a  rack  for  five  minutes, 
resting  the  mouth  of  the  tube  on  a  pad  of  filter  paper. 

Wipe  the  mouth  of  the  tube  with  a  piece  of  filter  paper. 

Wash  down  the  sides  of  the  tube  with  3  ml.  of  2  per  cent  ammonia  water. 

Stir  the  precipitate  in  the  wash  ammonia  in  the  manner  described  above. 
(The  rotary  motion  should  break  up  the  clump  of  precipitate.) 

Centrifuge  the  suspension  for  seven  minutes  at  high  speed,  pour  off  the 
supernatant  liquid,  and  allow  to  drain  for  five  minutes,  as  before. 

Add  2  ml.  of  approximately  N  sulfuric  acid,  blowing  it  from  a  pipette 
directly  upon  the  precipitate  so  as  to  break  up  the  mat  and  facilitate  its 
solution.  (The  precipitate  should  dissolve.) 

Place  the  tube  in  a  boiling  water  bath  for  about  one  minute. 

Keeping  the  tube  at  a  temperature  of  70°  to  75  °C.  by  immersing  it  in 
hot  water,  titrate  with  approximately  0.005  N  potassium  permanganate  to  a 
definite  pink  color  persisting  for  one  minute. 

Standardize  the  potassium  permanganate  solution  by  measuring  from 
the  burette  10.00  ml.  of  standard  0.005000  N  sodium  oxalate  solution,  adding 
2  ml.  of  N  sulfuric  acid,  heating  to  70°  to  75  °C.,  and  titrating  to  a  definite 
pink  color  with  the  potassium  permanganate  solution. 

A  blank  determination  is  made  by  repeating  the  procedure  exactly  as 
above,  substituting  2  ml.  of  water  for  the  2  ml.  of  plasma. 

Calculations  : 


to  x  ^  x  — — 

P  V 


B) 


=  mg.  Ca  per  100  ml.  of  plasma 


ml.  of  0.005000  N  sodium  oxalate  used  in  the  standardization  of 
the  permanganate  (10.00  ml.) 

ml.  of  approximately  0.005  N  permanganate  used  to  titrate  the  above 
volume  of  0.00500  N  sodium  oxalate  solution 

ml.  of  approximately  0.005  N  permanganate  used  in  the  titration  of 
the  unknown 

ml.  of  approximately  0.005  N  permanganate  used  in  the  titration  of 
the  blank 

ml.  of  plasma  used 
Reagents  : 

Ammonium  Oxalate.  Saturated  aqueous  solution  (about  4  per  cent), 
nium  hydroxide  tri*T<)\oh^es'of  wUJer.  1  V0’Ume  ^  C°nCentrated  ammo' 

aeidm^to TOOml o^te^Mix.  ^  20  mL  °f  C°ncentrated  su,furic 
Stock  0.1  N  Potassium  Permanganate.  Weigh  3.16  gm.  of  potassium 


N  = 
P  = 
A  = 
B  = 
v  — 
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permanganate  and  transfer  to  a  1  liter  volumetric  flask.  Add  about  850  ml 
of  water.  Dissolve  the  solid  completely.  Make  up  to  mark.  Mix  and  transfe: 

to  a  clean,  dry,  glass-stoppered,  amber  bottle.  This  solution  becomes  weaken 
on  standing. 

Approximately  0.005  N  Potassium  Permanganate.  Pipette  50  ml.  o 
the  stock  0.1  N  solution  into  a  liter  volumetric  flask  and  dilute  to  mark 
Mix  and  transfer  to  a  clean,  dry,  amber  bottle.  This  solution  must  b« 
standardized  by  titration  with  0.005000  N  sodium  oxalate  each  time  before 
use. 

Stock  0.1000  N  Sodium  Oxalate.  Carefully  weigh  6.700  gm.  of  C.P 
anhydrous  sodium  oxalate.  Quantitatively  transfer  the  solid  to  a  liter  volu¬ 
metric  flask.  Dissolve  the  solid  in  about  700  ml.  of  water.  Add  105  ml.  of  A 
sulfuric  acid.  Make  up  to  mark  with  distilled  water.  Mix  and  transfer  to  i 
clean,  dry,  amber  bottle.  The  solution  is  stable. 

0.005000  N  Sodium  Oxalate.  Using  a  clean,  dry  pipette,  transfe: 
50.00  ml.  of  the  stock  0.1000  N  solution  into  a  clean  1  liter  volumetric  flasl 
and  dilute  to  mark.  Mix  and  transfer  to  a  clean,  dry,  amber  bottle. 

(а)  Discuss  several  methods  of  determining  calcium  oxalate  other  thar 
titration  with  permanganate. 

(б)  What  substance  might  interfere  in  the  permanganate  method? 

(c)  Why  cannot  tungstic  acid  be  used  for  precipitating  proteins  in  < 
calcium  determination? 

( d )  How  does  use  of  anticoagulants  effect  the  determination  of  calciums 

(e)  What  is  the  purpose  of  the  rubber  cushion  in  the  centrifuge? 

(/)  Why  must  two  balanced  centrifuge  tubes  be  used? 

(g)  Why  must  the  trunnions  on  the  cups  be  in  the  same  position? 

(h)  Why  is  the  rheostat  on  the  centrifuge  brought  up  slowly? 

(£)  What  is  the  danger  in  stopping  the  centrifuge  before  it  would  nor 
mally  come  to  a  stop? 

(j)  Can  Ca++  be  determined  in  whole  blood? 

\k)  Why  is  2  per  cent  ammonia  water  used  instead  of  water  for  washing 
the  precipitate? 

(/)  Why  must  the  permanganate  solution  be  standardized? 

(m)  Why  must  the  calcium  oxalate  be  titrated  with  permanganate  whib 

hot? 

(n)  Why  must  the  oxalate  be  titrated  in  acid  solution? 

Experiment  16.  The  Determination  of  Chlorides*  Serum  or  plasm, 
is  shaken  for  about  40  seconds  with  powdered,  chloride-free,  silver  iodate 
There  is  an  exchange  of  the  iodate  of  the  sparingly  soluble  silver  iodate  fo, 
the  chloride  ion  in  the  serum  to  yield  iodate  ion  and  the  very  insoluble  silve 
chloride.  Under  the  conditions  of  the  method  the  reaction  is  99.7  per  cen 
complete.  Simultaneously  the  serum  proteins  are  precipitated  by  the  additioi 
of  sodium  tungstate  in  phosphoric  acid  solution.  The  clear  filtrate  from  th« 
above  mixture  is  protein-free  and  contains  the  liberated  iodate  ion  in  « 
concentration  equivalent  to  the  original  chloride  ion.  The  solubility  of  th< 

*  Sendroy,  /.  Biol.  Chem 130,  605  (1939) ;  Van  Slyke  and  Hiller,  /.  Biol.  Chem.,  16r 
107  (1947).’ 
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solid  silver  iodate  is  repressed  to  a  negligible  value  by  the  iodate  ion  in 
the  solution.  Sodium  iodide  is  added  to  the  acid  solution  to  convert  the 
iodate  ion  to  iodine.  The  iodine  is  titrated  with  a  standard  thiosulfate  solu- 
tion  in  the  usual  manner. 


AglOs  -f-  Cl  — >  AgCl  i  -f-  IO3 
!03-  +  51-  +  6H+  — >  3I2  +  3H20 
I2  -f-  S203=  — ^  21”  -f-  S^tOe- 


In  blood  as  it  is  drawn,  only  a  few  of  the  dissolved  substances  have 
identical  concentrations  in  the  plasma  and  cells,  due  to  the  “Chloride  Shift.” 
Chlorides  are  almost  twice  as  concentrated  in  the  plasma  as  in  cells.  Soon 
after  the  blood  is  exposed  to  air,  it  loses  carbon  dioxide  and  the  constituents 
of  the  two  phases  diffuse  into  one  another.  After  a  time  an  equilibrium  is 
reached  in  which  the  non-colloidal  blood  constituents  are  uniformly  dis¬ 
tributed  in  the  medium.  From  a  clinical  point  of  view,  the  plasma  or  serum 
chlorides  have  more  significance  than  the  total  or  blood  chlorides.  It  is, 
therefore,  essential  to  prevent  the  chlorides  from  diffusing  from  the  plasma 
to  the  red  cells  after  the  blood  is  drawn  and  until  the  serum  is  separated  for 
analysis,  or  the  results  will  not  indicate  serum  concentrations  in  vivo.  It  is 
advisable  to  draw  the  blood  under  oil  in  order  to  delay  the  escape  of 
carbon  dioxide,  and  then  to  separate  the  serum  from  the  cells  as  soon  as 
possible. 


Place  about  3  to  5  ml.  of  mineral  oil  in  a  dry,  clean 


Procedure. 
centrifuge  tube. 

Obtain  a  blood  specimen  with  a  dry  syringe  and  a  minimum  of  stasis. 

Transfer  the  blood  to  the  centrifuge  tube,  under  the  layer  of  oil. 

Stopper  the  tube  and  allow  it  to  stand  until  a  clot  forms  and  the  clear 
serum  separates. 

Centrifuge  the  tube.  (See  p.  106.) 

#  Holding  the  finger  tightly  over  the  upper  opening  of  a  clean,  dry  5  ml. 
pipette,  plunge  it  through  the  layer  of  oil  in  the  centrifuge  tube  and  then 
draw  off  the  clear  serum.  Transfer  it  to  another  clean,  dry  tube. 

Transfer  1.00  ml.  of  the  serum  to  a  125  ml.  Erlenmeyer  flask. 

Pipette  25.00  ml.  of  the  tungstate-phosphoric  acid  solution  into  the  flask. 

By  means  of  a  small  glass  spoon  or  a  horn  spatula,  add  from  0.3  to  0.5  gm 
ol  silver  iodate  powder  to  the  flask. 


f„r540  »'c,nd,."'‘t  W“h  *  C‘“”  ■“PP"  "d  “» 


.  "l-  » 

Pour  a  Me  of  the  above  mixture  onto  the  double  portion  of  the  filter 

mX;  uVssux  ”2  ,t,  "d,  rt'.  "r 

si.,.,  i,  i,  i,  “““ 


(Instead  of  the  filtration  outlined  in  the  above  sten* 
phosphorie  acid  and  silver  iodate,  may  be  placed  in’  a  cleTdry “iTmt 
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centrifuge  tube,  which  is  then  shaken  and  finally  capped  and  centrifuged 
to  separate  a  clear  supernatant  fluid.) 

Pipette  10.00  ml.  of  the  filtrate  into  a  small  Erlenmeyer  flask.  Add  from; 
0.5  to  1.0  ml.  of  sodium  iodide  solution. 

Immediately  after  the  addition  of  the  sodium  iodide,  titrate  the  solution 
with  0.02308  N  thiosulfate  solution  delivered  from  a  25  ml.  burette.  (The 
thiosulfate  solution  should  be  delivered  dropwise — not  in  a  stream — until 
the  color  of  the  solution  in  the  flask  becomes  a  pale  yellow.  Two  drops  of 
starch  solution  are  then  added.  The  titration  is  continued,  a  drop  at  a  time, 
until  the  blue  solution  suddenly  turns  colorless.  The  end-point  can  be  located 
within  0.01  ml.  of  the  thiosulfate  solution.  No  time  should  be  lost  after  the 
iodine  is  liberated,  as  it  volatilizes  rapidly — about  2  per  cent  per  hour.) 

Blank.  It  is  advisable  to  run  a  blank  in  order  to  check  the  entire 
technic — including  the  accuracy  of  the  pipettes  used,  the  purity  of  the 
sodium  tungstate,  silver  iodate  and  other  reagents.  This  is  best  done  by. 
using  1.00  ml.  of  0.1000  N  HC1,  prepared  from  constant  boiling  HC1, 
instead  of  the  1.00  ml.  of  the  serum;  and  running  through  the  procedure. 
Ten  ml.  of  the  0.02308  N  thiosulfate  should  be  required  for  the  titration.  If 
more  or  less  is  used,  the  difference  is  subtracted  or  added  to  the  amount 
used  in  the  serum  analysis  as  a  blank  correction. 

Calculations: 

Milliequivalents  of  chloride  per  liter  of  serum  =  10T 

Milligrams  of  NaCl  per  100  ml.  of  serum  =  58.5T 

Milligrams  of  chloride  per  100  ml.  of  serum  34.45T 

where  T  is  the  number  of  ml.  of  0.02308  N  thiosulfate  solution  used  in  the 

titration. 


Reagents: 

Tungstate-Phosphoric  Acid  Solution.  Dissolve  6  gm.  of  A.C.S.. 
chloride-free,  sodium  tungstate  (Na2W04.2H20)  in  1  liter  of  distilled  water 
and  add  10  ml.  of  concentrated  phosphoric  acid  (sp.  gr.  1.72).  Mix  well 

and  transfer  to  a  clean  bottle.  . 

Silver  Iodate  Powder.  C.P.  Especially  prepare  for  chloride  analysis. 

Sodium  Iodide  Solution.  Dissolve  50  gm.  of  reagent  grade  sodium 
iodide  in  50  ml.  of  distilled  water.  Store  in  a  brown  glass  bottle  provided 
with  a  dropping  pipette.  Test  the  solution  every  week  for  the  absence  oi 
free  iodine  by  adding  1  ml.  of  it  to  10  ml.  of  tungstate-phosphoric  acid 
solution  and  then  adding  a  drop  of  starch  solution.  If  a  blue  color  appears 

discard  the  solution  and  make  up  fresh.  .  . 

1  Per  Cent  Starch  Solution.  Triturate  10  gm.  of  soluble  starch  with 

cold  water  to  a  thin  paste.  Rinse  into  a  liter  of  boiling  water  Stir  and  boi 
for  a  minute.  Cool.  Add  50  ml.  of  a  solution  containing  6  gm.  of  zinc  chloride 
to  prevent  deterioration.  Distribute  the  solution  in  tightly  stoppered  smal 


vials. 


clxS  /T 

Standard  0.1000  N  Potassium  Iodate  Solution.  Weigh  3.567  gm 
of  reagent  grade  potassium  iodate.  Transfer  it  quantitatively  to  a  1  liter 
volumetric  flask.  Make  up  to  mark  with  water.  Stopper  and  mix  well.  Transfer 
to  a  clean,  dry  bottle.  This  solution  is  stable. 
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Stock  Standard  0.9232  N  Sodium  Thiosulfate  Solution.  Wdgh 
cj  qqO  mi  of  reagent  grade,  crystalline  sodium  thiosulfate  (Na2b2<J3.5Ii2U )  • 

SSSliSBi*  »  .250  “•  ”j* 

with  water.  Stopper  and  mix  well.  Transfer  to  a  clean,  dry  bottle.  The  solu¬ 
tion  keeps  indefinitely.  oc-  nn 

Standard  0.02308  A  Sodium  Thiosulfate  Solution.  Pipette  25.UU 

ml.  of  the  0.9232  A  sodium  thiosulfate  solution  into  a  1  liter  volumetric 
flask.  Add  1  gm.  of  borax  as  a  preservative.  Dilute  to  mark  with  water. 
Stopper  and  mix  well.  Transfer  to  a  clean,  dry,  amber  bottle.  Check  the 
accuracy  of  the  solution  after  it  is  made  up,  and  every  week  thereafter  as 
follows:  Pipette  5.00  ml.  of  the  standard  0.1000  A  potassium  iodate  solu¬ 
tion  into  a  125  ml.  Erlenmeyer  flask.  Add  20  ml.  of  water  and  1.5  ml.  of  1  A 
sulfuric  acid.  Add  1.5  ml.  of  the  sodium  iodide  solution.  Titrate  (see  the 
directions  above)  with  the  0.02308  A  sodium  thiosulfate  solution.  The  volume 
of  thiosulfate  required  should  be  21.67  ml.  If  it  differs  by  more  than  0.1  ml. 
from  this  value,  add  either  water  or  0.9232  A  sodium  thiosulfate  in  the 
calculated  amount  and  titrate  again. 


(а)  What  is  the  “chloride  shift”? 

(б)  If  carbon  dioxide  is  lost  from  the  blood  sample,  will  the  chloride 
concentration  of  the  serum  become  higher  or  lower? 

(c)  What  is  the  clinical  significance  of  serum  chlorides? 

( d )  What  is  the  effect  of  sunlight  on  sodium  iodide  solid  or  solution? 

( e )  Can  a  protein-free,  Folin-Wu  filtrate  be  used  for  the  chloride  deter¬ 
mination?  How? 

(/)  What  other  substance  may  be  used  to  precipitate  the  serum  proteins 
without  interference  in  this  determination? 


Experiment  17.  Carbon  Dioxide  Capacity*  The  plasma  from  oxa- 
Iated  blood  is  rotated  in  a  separatory  funnel  filled  with  air  that  has  been 
exhaled  from  the  lungs  and  whose  carbon  dioxide  tension  approximates  that 
ormal  arterial  blood.  By  this  treatment  the  plasma  combines  with  as 

m,Tn,-iCa  fTt.  “  Vs  able  t0  hold  under  normal  tension.  A  known 

quantity  of  this  saturated  plasma  is  introduced  into  the  Van  Slvke  volumetric 

>,d  acidified.  The  c„b„„  dioxide  i,  Ifc.W 


m  (19i7V  7an  Slyke- BM-  Ch™"  30, 

J.  BM.  Chem.,  61,  297  (1924) ;  Van  Slyke,  /.  BioL  Chem  ,  “l '( ffl)S‘,l<  a"d  NeiU’ 
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the  plasma  in  a  vacuum.  The  volume  of  this  gas  is  measured  at  atmospheric 
pressure,  reabsorption  being  minimized  by  the  removal  of  the  aqueous 
liquid.  A  table  provides  corrections,  and  reduction  of  the  gas  volume  to 
standard  conditions. 

Procedure.  Centrifuge  enough  citrated  or  oxalated  blood  to  provide 
the  required  amount  of  plasma.  Transfer  the  cell-free  plasma  to  a  dry 
separatory  funnel  (about  250  ml.)  which  is  connected  to  the  bottle  of  beads 
as  indicated  in  Figure  21. 

Without  inspiring  more  deeply  than  normally,  expire  as  quickly  and  com-, 
pletely  as  possible  through  the  glass  beads  and  separatory  funnel,  inserting 
the  stopper  of  the  funnel  just  before  the  expiration  is  finished,  so  that  there 
is  no  opportunity  for  air  to  be  drawn  back  into  the  funnel. 

Close  the  stopcock.  Remove  the  funnel  from  the  bottle  of  glass  beads  and 
holding  it  in  a  horizontal  position,  rotate  the  funnel  for  three  minutes,  dis¬ 
tributing  the  plasma  in  a  thin  layer  as  completely  as  possible  over  the 
interior  surface  of  the  funnel.  (During  this  procedure  the  plasma  com¬ 
bines  with  as  much  carbon  dioxide  as  it  is  able  to  hold  under  normal  carbon 
dioxide  tensions.  The  carbon  dioxide  tension  of  alveolar  air  approximates 
that  of  arterial  blood.) 

After  saturation  is  complete,  place  the  separatory  funnel  in  an  upright! 
position  and  allow  the  plasma  to  drain  from  the  walls  and  collect  in  the 
contracted  space  at  the  bottom  of  the  funnel. 

(a)  Filling  the  apparatus.  Pour  mercury  into  the  levelling  bulb  until  it  is 
three  quarters  full.  (See  Figure  22.)  With  both  stopcocks  open,  fill  the 
apparatus  with  mercury  by  raising  the  levelling  bulb.  Expel  the  air  and 
some  mercury  into  the  cup,  and  by  turning  the  upper  stopcock,  expel  some 
mercury  through  the  side  arm.  Close  the  upper  stopcock. 

( b )  Expelling  the  air.  With  the  upper  stopcock  closed,  lower  the  levelling 
bulb  so  that  the  mercury  column  falls  down  to  the  level  of  the  rubber  tub¬ 
ing  attached  to  the  apparatus.  Tap  the  rubber  tubing  gently  to  release  any. 
air  bubbles  in  the  tubing.  Raise  the  bulb  to  bring  the  mercury  up  again. 
Rotate  the  lower  stopcock  so  as  to  fill  both  the  left  and  right  glass  tubes- 
with  mercury.  Expel  any  air  together  with  some  mercury  through  the  side 


arm. 

(c)  Testing  for  a  vacuum.  With  both  stopcocks  closed,  lower  the  levelling 
bulb  so  that  the  mercury  drops  below  the  bottom  stopcock.  Gently  raise  the 
bulb  so  that  the  mercury  hits  the  stopcock.  A  metallic  click  will  be  heard  ifi 
air  is  absent.  (A  dull  sound  indicates  an  air  pocket  and  the  directions  in  ( b ) 
must  be  repeated  or  else  the  stopcocks  need  to  be  regreased.)  Open  the 
lower  stopcock,  lower  the  bulb  and  gently  bring  it  up  again.  A  metallic 
click  against  the  upper  stopcock  indicates  an  air-tight  apparatus. 


(d)  Analysis. 

1.  Transfer  1  ml.  of  water  to  the  cup. 

2  Dip  the  pipette  containing  1.00  ml.  of  the  plasma  below  the  water  ana 

allow  the  plasma  to  flow  from  the  pipette  to  form  a  layer  below  the  water 

in  the  cup.  Add  3  drops  of  caprylic  alcohol. 

3.  Open  the  lower  stopcock,  lower  the  levelling  bulb  and  carefully  open 
the  upper  stopcock  so  as  to  admit  the  plasma  and  most  of  the  water  into  the 
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apparatus.  Be  careful  not  to  admit  any  air  into  the  bore  of  the  stopcock. 

^4!  Add  1  ml.  of  lactic  acid  to  the  cup.  With  the  levelling  bulb  lowered, 
rarefully  open  the  upper  stopcock  so  as  to  admit  most  of  the  lactic  acid, 

Avoiding  air  bubbles  in  the  capillary.  Close  the  stopcock. 

5.  Add  some  mercury  to  the  cup  and  admit  some  into  the  apparatus,  again 
ivoiding  air  bubbles.  This  will  produce  a  mercury  seal  in  the  stopcock. 

6.  Lower  the  levelling  bulb  until  the  mercury  column  drops  to  the  50  ml. 
nark  of  the  apparatus.  Close  the  lower  stopcock.  Rest  the  levelling  bulb.  Re- 
nove  the  apparatus  from  the  stand  and  grasp  the  two  stopcocks  securely 


CUD 


Fig.  22.  Van  Slyke  pipette. 


'ith  the  thumb  and  forefingers  of  each  hand.  Holding  the  stopcocks  securely 
o  that  they  cannot  be  pushed  loose,  invert  the  apparatus  about  15  times.  Re- 
lace  on  the  stand. 

7.  Lower  the  levelling  bulb  very  far  down  and  manipulate  the  lower  stop- 
ock  so  that  the  small  amount  of  mercury  and  most  of  th*»  a - 


- - -  VVAJ  U1  Vl 

(e)  Cleaning  the  apparatus.  Lower  the  levelling  bulb  and  allow  the 
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Table  4 

TABLE  FOR  CALCULATION  OF  CARBON  DIOXIDE-COMBINING  POWER  OF  PLASMA 


Observed 
Vol.  Gas 

X  B*/760 

Al/.  0/  C02  Reduced  to  0°, 
760  mm.  Bound  as  Bicar¬ 
bonate  by  100  ml.  of  Plasma 

Observed 
Vol.  Gas 

X  B/760 

Ml.  of  CO 2  Reduced  to  0°> 
760  mm.  Bound  as  Bicar¬ 
bonate  by  100  ml.  of  Plasma. 

(A) 

15° 

20° 

25° 

30° 

(A) 

15° 

20° 

25° 

30° 

0.20 

9.1 

9.9 

10.7 

11.8 

0.60 

47.7 

48.1 

48.5 

48.6 

1 

10.1 

10.9 

11.7 

12.6 

1 

48.7 

49.0 

49.4 

49.5 

2 

11.0 

11.8 

12.6 

13.5 

2 

49.7 

50.0 

50.4 

50.4 

3 

12.0 

12.8 

13.6 

14.3 

3 

50.7 

51.0 

51.3 

51.4 

4 

13.0 

13.7 

14.5 

15.2 

4 

51.6 

51.9 

52.2 

52.3 

5 

13.9 

14.7 

15.5 

16.1 

5 

52.6 

52.8 

53.2 

53.2 

6 

14.9 

15.7 

16.4 

17.0 

6 

53.6 

53.8 

54.1 

54.1 

7 

15.9 

16.6 

17.4 

18.0 

7 

54.5 

54.8 

55.1 

55.1 

8 

16.8 

17.6 

18.3 

18.9 

8 

55.5 

55.7 

56.0 

56.0 

9 

17.8 

18.5 

19-2 

19.8 

9 

56.5 

56.7 

57.0 

56.9 

0.30 

18.8 

19.5 

20.2 

20.8 

0.70 

57.4 

57.6 

57.9 

57.9 

1 

19.7 

20.4 

21.1 

21.7 

1 

58.4 

58.6 

58.9 

58.8 

2 

20.7 

21.4 

22.1 

22.6 

2 

59.4 

59.5 

59.8 

59.7 

3 

21.7 

22.3 

23.0 

23.5 

3 

60.3 

60.5 

60.7 

60.6 

4 

22.5 

23.3 

24.0 

24.5 

4 

61.3 

61.4 

61.7 

61 .6 

5 

23.6 

24.2 

24.9 

25.4 

5 

62.3 

62.4 

62 . 6 

62.5 

6 

24.6 

25.2 

25.8 

26.3 

6 

63.2 

63.3 

63.6 

63.4 

7 

25.5 

26.2 

26.8 

27.3 

7 

64.2 

64.3 

64.5 

64.3 

8 

26.5 

27.1 

27.7 

28.2 

8 

65.2 

65.3 

65.5 

65.3 

9 

27.5 

28.1 

28.7 

29.1 

9 

66.1 

66.2 

66.4 

66.2 

0.40 

28.4 

29.0 

29.6 

30.0 

0.80 

67.1 

67.2 

67.3 

67.1 

1 

29.4 

30.0 

30.5 

31.0 

1 

68.1 

68.1 

68.3 

68.0 

2 

30.3 

30.9 

31.5 

31.9 

2 

69.0 

69.1 

69.2 

69.0 

3 

31.3 

31.9 

32.4 

32.8 

3 

70.0 

70.0 

70.2 

69.9 

4 

32.3 

32.8 

33.4 

33.8 

4 

71.0 

71.0 

71.1 

70.8 

5 

33.2 

33.8 

34.3 

34.7 

5 

71.9 

72.0 

72.1 

71.8 

6 

34.2 

34.7 

35.3 

35.6 

6 

72.9 

72.9 

73.0 

72.7 

7 

35.2 

35.7 

36.2 

36.5 

7 

73.9 

73.9 

74.0 

73.6 

8 

36.1 

36.6 

37.2 

37.4 

8 

74.8 

74.8 

74.9 

74.5 

9 

37.1 

37.6 

38.1 

38.4 

9 

75.8 

75.8 

75.8 

75.4 

0.50 

38.1 

38.5 

39.0 

39.3 

0.90 

76.8 

76.7 

76.8 

76.4 

1 

39  1 

39-5 

40.0 

40.3 

1 

77.8 

77.7 

77.7 

77.3 

2 

40.0 

40.4 

40.9 

41.2 

2 

78.7 

78.8 

78.7 

78.2 

3 

4 

41.0 

41.4 

41.9 

42.1 

3 

79.7 

79.6 

79 .6 

79.2 

42.0 

42.4 

42.8 

43.0 

4 

80.7 

80.5 

80.6 

80.1 

5 

42.9 

43.3 

43.8 

43.9 

5 

81.6 

81.5 

81.5 

81.0 

6 

43.9 

44.3 

44.7 

44.9 

6 

82.6 

82.5 

82.4 

82.0 

7 

8 

44.9 

45.8 

45.3 

46.2 

45.7 

46.6 

45.8 

46.7 

7 

8 

83.6 

84.5 

83.4 

84.4 

83.4 

84.3 

82.9 

83-8 

9 

0.60 

46.8 

47.7 

47.1 

48.1 

47.5 

48.5 

47.6 

48.6 

9 

1.00 

85.5 

86.5 

85.3 

86.2 

85.2 

86.2 

84.8 

85.7 

*  B  =  barometric  reading. 
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mercury  to  run  only  into  the  left-hand  tube  below  the  lower  stopcock  Now 
adjust  the  stopcock  and  levelling  bulb  so  that  the  solution  in  the  right-hand 
limb  flows  up  into  the  apparatus.  Expel  the  solution  and  some  of  the  mercury 
through  the  side  arm.  The  apparatus  is  ready  for  the  next  analysis  after 
washing  the  cup  with  some  water. 


Volume  of  C02  X  Barometric  Pressure  _  A 

Calculation:  — - ^0  A 


Look  up  the  volume  of  A  in  Table  4.  That  value,  times  1.017,  gives  the 
volumes  per  cent  of  carbon  dioxide. 


Reagents: 

Mercury,  redistilled. 

Caprylic  Alcohol,  C.P. 

5  Per  Cent  Lactic  Acid.  Dilute  5  ml.  of  concentrated  C.P.  lactic  acid 
to  100  ml. 


(a)  What  are  some  of  the  methods  of  studying  the  acid-base  balance  of 
the  body? 

( b )  What  are  the  objections  to  using  whole  blood  instead  of  serum? 

(c)  Why  is  a  metallic  click  obtained  when  the  mercury  is  raised  in  a 
vacuum  against  the  stopcock? 

(d)  Why  is  the  serum  placed  under  water  in  the  cup? 

(e)  Why  is  the  solution  removed  before  measuring  the  gas  volume? 

(/)  When  the  mercury  is  wet,  bubbles  of  gas  often  form  and  rise  through 
the  mercury  column.  Explain. 

(g)  Why  is  lactic  acid  used  instead  of  a  mineral  acid? 

( h )  What  other  methods  may  be  used  for  determining  carbon  dioxide? 

(i)  Eor  what  other  determinations  can  this  apparatus  be  used? 


Experiment  18.  Determination  of  the  Oxygen  Capacity  of  Blood.* 

(а)  Stir  the  special  oxygen  reagent  to  emulsify  the  caprylic  alcohol.  See 
previous  experiment  and  Figure  22  for  diagram  of  the  apparatus  and  instruc- 
.ions  as  to  its  use.  Introduce  7.5  ml.  of  the  special  reagent  into  the  chamber 

of  the  apparatus,  evacuate  and  shake.  Remove  air  through  the  side  arm  of 
the  upper  stopcock. 

(б)  Transfer  the  blood  to  a  separatory  funnel  and  rotate  to  spread  the 
blood  in  a  thin  layer  so  as  to  completely  aerate  it. 

(c)  Turn  the  upper  stopcock  and  force  6  ml.  of  the  gas-free  reagent  into 
the  bT  Bf  th6anS  °f  3  dl?eFentlal  P'pette,  add  2  ml.  of  the  blood  below 

SteitEST' ,k"  *,w "  “ •»  »>» «-'  •*—  .'I 

(d)  Remove  excess  reagent  from  the  cup  with  a  medicine  dropper  and 

tel  arme *Cury  Evacuate  the  chamber  and  shake  for  5-10  minutes 

S  ‘J'SYTZrNMH  7  -*«  ■«!  *l»« 


From  Hawk,  Oser  and  Summerson  Prartir'*l  PVix.  •  1  •  ,  ^ 

po.,  m7.  ’  rractlcal  Physiological  Chemistry,  The  Blakiston 
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if)  Bring  the  gas  to  barometric  pressure.  Read  the  gas  volume,  tempers 
ture  and  barometric  pressure. 

(g)  Calculations: 


V  —  observed  volume  of  gas  (O2  +  N2) 
t  —  temp,  in  °C. 

B  =  barometric  pressure  in  mm.  Hg. 

W  =  aqueous  tension  (handbook). 


Volume  %  O2  Capacity  = 


(B- W) 


X  mi\  -2.1 


■ 


J60  (l  +  0.00367t)  'N  2 

The  value  2.1  corrects  for  O2  and  N2  physically  dissolved  at  atmospheri 
pressure. 

Hemoglobin  (g.  per  100  ml.)  =  0.736  X  vol.  %  02  capacity. 

Special  Oxygen  Reagent: 


Potassium  ferricyanide . 3.0  gm. 

Saponin . 3.0  gm. 

Caprylic  alcohol . 3.0  ml. 

Water  to . 1  liter. 


Experiment  19.  The  Manometric  Determination  of  Urea.*  Vai 
Slyke  and  his  collaborators  have  perfected  another  piece  of  apparatus  fo 
determining  gas  volumes.  It  is  a  manometric  device  in  which  the  volume  c 
the  gas  is  held  constant  while  its  pressure  is  read  from  a  manometer.  A  highe 
degree  of  accuracy  can  be  obtained  with  this  apparatus  than  with  the  volu¬ 
metric  one  described  in  Experiment  17.  The  errors  in  the  readings  are  c 
lesser  magnitude,  smaller  quantities  may  be  used,  calculations  are  simplei 
and  finally  it  is  easier  to  use.  Many  different  determinations  may  be  pei 
formed  in  the  apparatus.  Methods  have  been  worked  out  to  determine  bloo« 
or  urine  carbon  dioxide,  bicarbonate,  oxygen-combining  capacity,  carboj 
monoxide,  urea,  amino  nitrogen,  glucose,  potassium,  calcium,  lactic  acic 
lipoids  and  others.  As  an  example  of  the  use  of  the  apparatus,  the  metho 
for  determining  blood  urea  will  be  described. 

To  Empty,  Clean  and  Fill  the  Apparatus.  Lower  the  levelling  bull 
C  (Fig.  23)  to  the  floor  and  place  it  in  a  vessel  to  collect  the  mercury  whic 

issues  from  it. 

Open  stopcock  c,  then  6,  then  a,  then  d,  and  allow  as  much  mercury  a 

possible  to  flow  out  of  the  apparatus.  .  _ 

Remove  rubber  tubing  D  and  replace  it  with  another  rubber  tube  attache' 

on  the  other  end  to  a  suction  flask. 

Apply  strong  suction.  Draw  water  through  the  manometer  B  and  th 
extraction  chamber  A,  closing  the  appropriate  stopcocks  when  necessary. 

Remove  all  four  stopcocks  from  their  barrels  and  remove  the  grease. 

Replace  the  ungreased  stopcocks  in  their  barrels.  Slowly  draw  alcohok 
potassium  hydroxide  through  all  parts  of  the  apparatus.  (Bewarel  Do  nc 
get  alcoholic  potassium  hydroxide  on  the  body  or  clothing.) 

After  degreasing,  draw  acetone  through  the  apparatus  to  wash  out  th 


*  Peters  and  Van  Slyke,  Quantitative  Clinical  Chemistry,  Vol.  2,  Williams  and  Wilkin 
1932. 
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alcoholic  solution  completely;  then  draw  through  a  current  of  air  until  no 
trace  of  an  odor  of  acetone  remains. 

roocp  oil  ct 

Disconnect  the  suction  tube.  Replace  it  with  the  rubber  tube  D  and 
levelling  bulb  C. 

Close  d.  Pour  clean  mercury  into  C. 

Raise  C  until  the  mercury  passes  through  a.  Close  a. 

When  the  mercury  passes  through  6,  close  it. 

Open  d ,  allow  mercury  to  pass  through  it,  and  then  close  it. 

In  order  to  remove  any  bubbles  or  film  of  air,  lower  C  below  Position  1 
and  evacuate  the  manometer,  the  chamber  and  tube  E. 


Fig.  23. 


Raise  C  so  that  the  apparatus  fills  with  mercury.  Expel  air  bubbles  through 

appropriate  stopcocks.  (Note:  A  gentle  tapping  of  the  glass  during  this 
process  facilitates  it.) 

Repeat  the  de-aerating  process  until  no  more  bubbles  appear. 

Place  1  ml.  of  ethylene  glycol  in  the  tube  above  b. 

With  C  in  Position  1,  open  b  so  slightly  that  the  glycol  slowly  flows  into 
the  manometer  to  about  10  cm.  mark.  Then  raise  C  to  Position  2  until  the 

hTh  'uT  ?L°Ugh  b  Which  13  th6n  Cl0sed'  Just  s^-ent  dehydrating 
fluid  should  be  left  in  the  manometer  to  wet  the  wall,  but  not  enough  to 
obscure  the  mercury  meniscus.  &  to 

Warning.  Never  lower  C  below  Position  1  while  a  is  onen  Tf  tki.  • 

lone,  the  apparatus  will  have  to  be  emptied,  cleaned  and  refifled  “ 

To  Grease  Stopcocks.  Place  C  in  Pn.it;™  i  r>  ,,  , 

ate,  and  replace  a.  Position  1.  Open  a.  Remove,  lubri- 
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Hang  C  a  little  below  the  level  of  stopcock  c.  Open  d.  Open  c.  Remove 
lubricate  and  replace  c. 

Note:  Stopcocks  a  and  c  must  always  be  well  greased.  They  must  tur 
smoothly  and  hold  a  vacuum.  A  single  lubrication  should  serve  for  a  doze! 
analyses. 

Manometric  Blood  Urea  Determination.  When  the  apparatus  is  no 
in  use,  the  extraction  chamber  A  and  the  cup  above  it  are  kept  filled  wit] 
water.  Before  a  determination  the  extraction  chamber  is  cleaned.  To  do  thi 
raise  C  to  Position  2.  Open  c.  Barely  opening  a,  allow  the  aqueous  liquid  ii 
the  extraction  chamber  and  a  small  amount  of  mercury  to  flow  into  the  cup 
Remove  it  with  suction.  Close  a .  Lower  C  below  Position  1  until  the  mercun 
falls  to  the  50.0  ml.  mark  in  chamber  A.  Close  c.  With  C  in  Position  1,  an 
intermittently  opening  and  closing  a ,  admit  into  the  chamber  10  to  15  ml.  o 
water  containing  about  1  ml.  of  N  lactic  acid.  Allow  no  air  to  enter.  Shake  th 
chamber  for  15  to  30  seconds.  Raise  the  levelling  bulb  to  Position  2  an 
eject  the  liquid  as  described  above. 

Now,  with  A ,  as  well  as  the  capillary  tube  above  it,  filled  with  mercury 
and  all  stopcocks  closed,  place  2  drops  of  caprylic  alcohol  in  the  cup  of  th 
apparatus. 

Place  C  in  Position  1.  Open  c.  Cautiously  manipulate  a  so  that  the  capryli 

alcohol  fills  the  capillary  below  the  cup. 

Place  1  ml.  of  0.1  N  lactic  acid  in  the  cup  and  add  water  to  the  4.5  mi 

mark. 

Fill  a  rubber-tipped,  1  ml.  stopcock  pipette,  calibrated  between  mark 
with  blood. 

With  the  tip  of  the  pipette  snugly  in  the  bottom  of  the  cup  beneath  th 
liquid,  open  the  stopcock  of  the  pipette.  Slowly  open  a  until  1.00  ml.  ci 
blood  flows  out  of  the  pipette  and  into  A.  Close  a.  Close  the  stopcock  of  th 
pipette.  Remove  the  pipette. 

Open  a  and  allow  the  acidified  water  in  the  cup  to  flow  into  A.  Close  < 

Lower  C  below  Position  1  until  the  mercury  in  A  reaches  the  50  ml.  mar] 


Close  c. 

Place  C  in  Position  1  and  shake  A  for  thirty  seconds. 

Place  C  in  Position  2.  Open  c.  When  A  is  one-quarter  filled  with  mercur- 

open  a  without  stopping  the  inflow  of  mercury. 

When  all  gas  has  been  driven  out  of  the  chamber  and  the  liquid  just  n 


the  capillary  above  a ,  close  a.  . 

Repeat  this  extraction  of  gases  from  the  blood  and  water  twice  agai 

Place  1  ml.  of  10  per  cent  urease  suspension  in  the  cup. 

Discarding  the  first  3  drops,  run  into  the  urease  suspension  0.25  ml  ( 
drops)  of  0.26  M  sodium  phosphate  from  the  soda-lime  tube  (lig.  2  . 

Place  C  in  Position  1  (Fig.  23).  . 

Immediately  open  c,  then  a,  and  draw  the  buffered  urease  suspension  in 
A.  (Note:  No  air  may  be  admitted  into  A  at  this  point  in  the  procedure  . 

''''piacea^ewXops  of  mercury  in  the  cup.  Manipulate  a  so  that  the  mercui 
fills  the  capillary  and  stopcock  bore. 
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Lower  C  below  Position  1  until  the  mercury  in  A  falls  to  the  50  ml.  mark. 
Then  raise  C  to  Position  1,  allowing  the  chamber  to  fill  again. 

Allow  two  minutes  to  pass  so  that  the  enzymatic  action  may  be  complete. 
Place  0.5  ml.  of  N  lactic  acid  in  the  cup.  Manipulate  a  so  as  to  draw  0.25 
ml.  of  the  acid  into  A.  Remove  excess  acid  with  suction.  Seal  stopcock  a 

with  mercury. 

Table  5 


UREA  IN  BLOOD  OR  PLASMA  BY  MANOMETRIC  UREASE  METHOD 


Temperature  °C. 

Factor  to  Give  Milligrams  of  Urea  N  per  100  Ml. 

of  Blood 

Sample  =  1  Ml. 

Gas  Volume  at  Which  Pressure  Is  Read 

0.5  Ml. 

2  Ml. 

15 . 

0.0955 

0 . 3740 

16 . 

47 

12 

17 . 

40 

0.3684 

18 . 

33 

59 

26 

34 

20 . 

19 

08 

21 . 

13 

0.3583 

22 . 

08 

58 

23 . 

02 

34 

24 . 

0.0895 

10 

89 

0.3488 

26 . 

83 

66 

27 . 

77 

45 

28 . 

72 

24 

68 

04 

2 1 

63 

0.3384 

58 

66 

54 

48 

XA 

49 

29 

44 

11 

ma^k 'close  ° ™  P°Sltl°n  l'  When  1116  mercuiT  in  A  reaches  the  50.0  ml. 

With  C  in  Position  1,  shake  A  for  two  minutes 

Open  c  with  a  smooth,  gradual  motion  so  that  the  mercury  in  chamber  A 
rises  at  a  fairly  rapid  rate  through  the  middle  three-fourths  of  the  chamber 
Then  gradually  close  c  to  reduce  the  rate  of  flow  of  the  mercury  makine  it  so 
°W  .that  b>'  tbe  0-5  ml.  mark  is  reached  there  is  ^  “Sty  n 

bePiTJowat!heer:  •  (/V0'e;AVOVd  3,1  ierky  s‘arting  and  stopping  of 

...  b.  tat  taX  *4s,“ WK,1  a 
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the  chamber  for  one  minute,  and  then  exactly  adjust  the  gas  volume  to  0 
ml.  If  the  urea  content  is  over  75  mg.  per  cent  [35  mg.  per  cent  urea  nitre 
gen],  the  carbon  dioxide  pressure  at  the  0.5  ml.  volume  will  exceed  400  mn 
In  this  case,  lower  the  mercury  in  A  to  the  50.0  ml.  mark,  shake  for  on 
minute,  and  adjust  the  gas  volume  to  2.0  ml.) 

Read  the  pressure  on  the  manometer  B.  This  reading  is  Pi. 

Place  4  drops  of  5  N  sodium  hydroxide  in  the  cup.  Manipulate  stopcock 
so  that  the  alkali  enters  chamber  A  slowly.  (Admit  no  air.) 

Open  c  so  as  to  wash  the  alkali  out  of  the  narrow  tube  below  a. 

Lower  C  below  Position  1  and  allow  the  surface  of  the  aqueous  solutio 
to  fall  below  the  0.5  ml.  or  2.0  ml.  mark  used  for  the  Pi  reading. 


GLASS  CAPILLARY 


-SODA  LIME 


-COTTON 


-PERFORATED  STOPPER 


to 


< — GLASS  BEAD  P1NCHC0C* 


Fig.  24. 


Close  c.  Place  C  in  Position  1.  Open  c  so  that  the  gas  volume  is  broug 

to  that  used  in  reading  Pi.  Close  c.  .  p 

Read  the  pressure  on  the  manometer.  This  reading  is  r2. 

Read  the  temperature  on  the  thermometer  in  the  water  jacket  of  A. 

Wash  out  the  chamber  as  directed  above.  .  .  ,  1a r 

Perform  a  blank  analysis  exactly  as  directed  for  blood,  rep  acing  the  b  o 
with  water.  The  difference  between  Pi  and  P2  in  the  blank  analysis  is 

Calculations.  Purea  =  Pi  —  —  c.  .  „  K i  r 

Look  up  the  value  of  P„rea  at  the  appropriate  temperature  in  Table  5  nh 

wiU  give  the  factor  by  which  P„rea  is  multiplied  to  give  the  milligram  p 
cent  of  urea  nitrogen. 


fo ^Sodium  Hydroxide  (Saturated,  Carbon  Dioxide-Free).  D' 
solve  500  gm.  of  sodium  hydroxide  in  500  ml.  of  water,  cooling  if  necessar, 
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Permit  the  solution  to  stand  in  a  paraffined  bottle  until  the  carbonate  has 

Sodium  Hydroxide.  Dilute  27  ml.  of  the  18  A  sodium  hydroxide 
to  100  ml.  Keep  protected  from  atmospheric  carbon  dioxide  by  immediately 
drawing  the  solution  into  a  soda-lime  tube  such  as  shown  in  Figure  24. 

N  Lactic  Acid.  Dilute  50  ml.  of  lactic  acid — specific  gravity,  1.20  to 
500  ml.  Bubble  purified  air  through  this  solution  for  fifteen  minutes.  Transfer 
to  a  clean,  dry,  glass-stoppered  bottle. 

0.1  A  Lactic  Acid.  Dilute  50  ml.  of  A  lactic  acid  to  500  ml.  Aerate  for 
fifteen  minutes  and  then  transfer  to  a  clean,  dry,  glass-stoppered  bottle. 

0.26  M  Sodium  Phosphate  Solution.  In  a  100  ml.  volumetric  flask 
place  1.75  ml.  of  syrupy  phosphoric  acid,  specific  gravity  1.72  to  1.73.  Fill 
the  flask  half -full  with  water.  Add  two  drops  of  1  per  cent  phenolphthalein 
solution.  From  10  ml.  burette,  add  18  A  carbonate-free  sodium  hydroxide 
until  the  solution  turns  pink.  Note  the  volume  of  sodium  hydroxide  added. 
Add  exactly  half  as  much  more.  (The  total  volume  should  be  about  4.3  ml.) 
Immediately  after  the  addition  of  alkali,  dilute  the  solution  to  mark,  stopper 
the  flask,  mix  the  solution,  and  then  draw  it  up  into  a  soda-lime  tube  such  as 
shown  in  Figure  24. 

10  Per  Cent  Urease  Solution  in  50  Per  Cent  Glycerol.  Dissolve 
1  gm.  of  Squibb’s  Urease  preparation  in  5  ml.  of  water.  Add  5  ml.  of  glycerol. 
Mix.  The  enzyme  solution  should  be  prepared  the  same  day  it  is  to  be  used. 

Experiment  20.  The  Determination  of  Hemoglobin.  Three  general 
methods  are  used  for  the  estimation  of  hemoglobin  in  blood.  The  most 
accurate,  but  by  far  the  most  elaborate,  is  the  gasometric  method  whereby 
the  oxygen  or  carbon  monoxide-combining  capacity  of  the  blood  sample  is 
measured  in  the  Van  Slyke  manometric  apparatus  (see  p.  116).  From  such 
data,  and  a  knowledge  of  the  quantity  of  oxygen  or  carbon  monoxide  capable 
of  combining  with  1  gm.  of  hemoglobin,  the  concentration  of  the  hemoglobin 
m  the  blood  sample  may  be  calculated.  However,  the  technic  is  too  difficult 
and  the  method  too  time-consuming  to  be  used  for  routine  purposes. 

The  second  group  of  methods  depends  on  the  color  of  oxyhemoglobin 
m  the  blood,  or  the  color  of  one  of  its  derivatives.  These  are  the  methods 
most  generally  used  for  routine  analysis.  Some  accuracy  is  sacrificed  here  for 
the  sake  of  simplicity  and  speed. 

The  easiest  of  these  methods  is  that  of  Tallqvist,  in  which  a  drop  of  blood 
ts  absorbed  on  paper  and  then  its  color  is  compared  with  that  of  r,Jf 
paper  standards.  The  error  of  this  method  may  be  as  S  al  20  per  ce„t 

In  the  Dare  Hemoglobinometer,  a  drop  of  blood  is  spread  to  P„„if 
Archness  on  a  specially  designed  slide.  Its  color  is  compared  with  a  gl™ 

hematin  formed^frmn^^given^ample^of  S  7^  ***  C°lor  -id 

solution.  A  small  quantity  of  the  blood  is  mixedwhhVlA^d  "w 
m  a  graduated  tube.  After  a  minute  the  samnlc  h  ^  h/dr0(*lonc  acid 
•patches  a  standard.  Since  acid  ^  ^  uted  untd  its  color 

lsually  substituted  for  the  solution.  ^  m  C°  °F  adCS’  3  glaSS  standard 


is 
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Newcomer  modified  the  above  method  so  that  comparisons  could  be 
made  in  the  Duboscq  colorimeter.  The  glass  standard,  placed  under  one  cup 
was  carefully  chosen  after  a  spectroscopic  analysis. 

In  other  methods  the  blood  is  quantitatively  diluted  with  a  weakly  alkaline 
solution.  The  color  of  the  oxyhemoglobin  is  then  compared  with  that  of  e 
standardized  blood  sample. 

Such  standardized  samples  soon  change  in  properties.  Since  it  is  no 
possible  to  obtain  pure  hemoglobin  from  which  standards  may  be  made,  ir 
all  the  methods  of  this  group  the  “standards,”  artificial  or  natural,  must  b< 
checked  with  blood  samples  analyzed  by  the  Van  Slyke  oxygen  or  carbor 
monoxide-combining  capacity  method. 

A  source  of  confusion  in  the  aforementioned  methods  is  that  the  result* 
are  usually  given  in  terms  of  per  cent,  not  of  hemoglobin,  but  of  “normal 
hemoglobin.  Various  authorities  and  manufacturers  differ  in  their  choice  o 
the  normal  value.  This  is  possible  since  normals  range  from  14  to  16.5  gm 
of  hemoglobin  per  100  ml.  of  blood  for  men  and  from  13  to  16  for  women 
It  would  be  far  better  to  give  the  results  in  terms  of  grams  of  hemoglobin  pe 
100  ml.  of  blood.  A  table  of  standards  is  given  here.  From  it  one  can  see  tha 
a  sample  of  blood  containing  13  gm.  of  hemoglobin  per  100  ml.  would  b> 
designated  as  94  per  cent  by  the  Dare  method  and  only  75  per  cent  by  th 

Sahli  method. 


Standards  in  use:  Dare . *00  per  cent  —  13.77  gm. 

Haldane  . 100  per  cent  =  13.80  gm. 

Newcomer  (Williamson)  . 100  per  cent  =  16.92  gm. 

Oliver  . 100  Per  cent  =  15-00  gm* 

Sahli  . 100  per  cent  =  17.20  gm. 

Tallqv’isV  ! ! . 100  per  cent  =15.80  gm. 

Von  Fleischl-Nueschen . 100  per  cent  =  15.80  gm. 


Finally,  advantage  has  been  taken  of  the  fact  that  hemoglobin  contain 
iron  to  the  extent  of  0.335  per  cent,  to  design  quantitative  methods  for  it 
determination.  The  accuracy  of  these  methods  lies  between  those  of  the  firs 


Won/lVlethod.*  The  iron  of  the  hemoglobin  molecule  is  detache 
by  the  action  of  concentrated  sulfuric  acid,  decomposition  being  aided  b 
ihe  use  of  potassium  persulfate.  The  proteins  are  then  precipitated  by  tunf 
stfc  acid  and  filtered.  Color  is  produced  by  the  action  of  potass.m 
thiocyanate  and  compared  with  a  standard  iron  solution  treated  in  the  sam 

"  procedure.  Pipette  0.50  ml  of  well-mixed  whole  blood  into  a  50  mi 
volumetric  flask  and  add  2  ml.  of  iron-free  concentrated  sulfuric  acid. 

Whirl  the  flask,  to  agitate  the  mixture,  for  one  minute 

Add  2  ml  of  a  saturated  solution  of  potassium  persulfate  and  mix. 

Mute  to  about  25  ml.  with  distilled  water  and  add  2  ml.  of  10  per  cer, 

sodium  tungstate  solution.  with  distill^ 

Cool  to  room  temperature  under  the  tap  ana  anuie 


water. 

*  Wong,  /.  Biol.  Chem.,  77,  409  (1928). 
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Stopper  the  flask  and  invert  three  or  four  times to 

Filter  through  a  dry  filter  paper  into  a  dry  125  ml.  Erlen  y  , 

Transfer  20.00  ml.  of  the  clear  filtrate  to  a  large  test  tu  e  gra  ua 

^Measure  into  another  similar  tube  1.00  ml.  of  a  standard  solution  con¬ 
taining  0.10  mg.  of  iron  per  milliliter.  Add  water  until  the  total  volume 

about  18  to  20  ml.  .  , 

Add  0.8  ml.  of  iron-free,  concentrated  sulfuric  acid  to  each  tube. 

Cool  to  room  temperature  under  the  tap.  ,  A 

Now  add  to  both  the  standard  and  the  unknown  1  ml.  of  a  saturated 
potassium  persulfate  solution  and  3  ml.  of  a  3  A  potassium  thiocyanate 

solution.  _  .  i 

Dilute  to  the  25  ml.  graduation.  Stopper.  Mix  and  compare  in  a  color- 

imeter. 

Calculate  the  number  of  milligrams  of  iron  per  100  ml.  of  blood.  from 
this  value  calculate  the  number  of  grams  of  hemoglobin  per  100  ml.  of  blood. 
If  a  visual  colorimeter  was  used,  refer  to  page  67  for  the  equation.  If  the 
determination  was  performed  photocolorimetrically,  the  appropriate  relation¬ 
ships  may  be  found  on  page  71,  or  a  calibration  curve  may  be  used. 

When  performing  the  determination  photocolorimetrically,  good  results 
will  be  obtained  with  a  green  filter  having  a  maximal  transmission  at  550  m/x. 


Reagents : 

Concentrated  Sulfuric  Acid  (must  be  iron-free). 

Sodium  Tungstate.  10  per  cent  solution  (see  p.  80). 

Saturated  Potassium  Persulfate.  Introduce  into  a  1  liter  glass- 
stoppered  bottle  70  gm.  of  pure  potassium  persulfate  and  shake  with  1  liter 
of  distilled  water. 

Potassium  Thiocyanate.  Prepare  an  approximate  3  N  solution  by 
dissolving  146  gm.  of  the  pure  salt  with  distilled  water  in  a  500  ml.  volu¬ 
metric  flask  and  making  up  to  the  mark.  Filter  if  necessary. 

Standard  Iron  Solution.  Weigh  accurately  0.861  gm.  of  crystallized 
ferric  ammonium  sulfate  and  dissolve  in  about  50  ml.  of  distilled  water. 
Add  20  ml.  of  10  per  cent  sulfuric  acid.  Dilute  with  distilled  water  to  1  liter. 
Each  milliliter  will  contain  0.10  mg.  of  iron. 

(a)  Why  is  potassium  persulfate  used  in  the  determination  of  iron? 

( b )  What  other  methods  can  be  used  for  the  determination  of  hemo¬ 
globin  in  the  blood? 


Experiment  21.  The  Determination  of  Total  Proteins  in  Serum* 
Diluted  serum  is  made  alkaline  with  sodium  hydroxide  and  then  treated  with 
Folm  and  Ciocalteu  s  phenol  reagent.  The  blue  color  which  develops  is  due 
to  the  reduction  of  the  phosphomolybdates  and  phosphotungstates  in  the 
reagent  by  phenolic  groups  (tyrosine)  in  the  proteins.  Since  the  percentage 
of  these  groups  in  serum  proteins  is  fairly  constant,  the  color  is  proportional 
to  the  protein  concentration.  As  a  standard,  tyrosine  is  used,  protein  solutions 

*  Greenberg,  /.  Biol.  Chem.,  82,  545  (1924). 
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not  being  sufficiently  stable.  The  color  given  by  1  mg.  of  tyrosine  is  equivalent! 
to  that  of  16  mg.  of  total  protein  (a  mixture  of  the  serum  albumins  and 
globulins) . 

Procedure.  Pipette  1.00  ml.  of  fresh  serum  and  9.00  ml.  of  0.9  per 
cent  sodium  chloride  solution  into  a  dry  test  tube. 

Stopper  and  mix  well  by  slowly  inverting  the  tube  several  times. 

Transfer  2.00  ml.  of  the  diluted  serum  to  a  50  ml.  volumetric  flask. 

Into  a  second,  50  ml.  volumetric  flask,  pipette  4.00  ml.  of  standard  tyro¬ 
sine  solution. 

****Add  about  25  ml.  of  water  to  each  flask. 

Add  2  ml.  of  5  A  sodium  hydroxide  to  each  flask  and  mix  well. 

Add,  slowly  and  with  constant  agitation  of  the  flask,  3  ml.  of  phenol  I 
reagent  from  a  Mohr  pipette. 

Dilute  the  contents  of  each  flask  with  water  to  the  50  ml.  mark. 

Stopper  both  flasks  and  mix  thoroughly  by  inverting  many  times. 

Allow  the  color  to  develop  for  five  minutes. 

Read  in  the  colorimeter  within  the  next  thirty  minutes. 

When  performing  the  determination  photocolorimetrically,  good  results 
will  be  obtained  with  a  red  filter  having  a  maximal  transmission  at  640  m/x.;; 
or,  if  the  instrument  is  not  sufficiently  sensitive  to  give  adequate  readings  at! 
this  wavelength,  a  green  or  even  a  blue  filter  may  be  used. 

Calculate  the  number  of  grams  of  protein  per  100  ml.  of  serum.  If  a  visual 
colorimeter  was  used,  refer  to  page  67  for  the  equation.  If  the  determination 
is  performed  photocolorimetrically,  the  appropriate  relationships  may  be 
found  on  page  71,  or  a  calibration  curve  may  be  used.* 


Reagents : 

0.9  Per  Cent  Sodium  Chloride.  Dissolve  9  gm.  of  sodium  chloride  in 
a  liter  of  water. 

5  N  Sodium  Hydroxide.  Dissolve  200  gm.  of  sodium  hydroxide  in  a 
liter  of  water. 

Phenol  Reagent  (Folin  and  Ciocalteu).  Place  in  a  2  liter  Florence 
flask,  100  gm.  of  reagent  grade  sodium  tungstate  and  25  gm.  of  reagent  grade 


*  Kingsley  devised  a  method  for  determining  serum  proteins  by  means  of  the  biuret 
reaction?  The  advantage  is  that  the  reaction  does  not  depend  on  the  presence  of  a  par¬ 
ticular  amino  acid  (e.g.,  tyrosine)  in  the  protein  but  only  upon  its  peptide  linkages. 
Whereas  the  percentage  of  an  amino  acid  in  a  protein  may  vary,  the  percentage  oi 

peptide  linkages  is  fairly  constant.  _  . 

The  Kingsley  Biuret  method  has  been  varied  and  modified  by  others.  References  are 

Kingsley:  /.  Lab.  Clin.  Med.t  27,  840  (1942)  ;  Robinson  and  Hogden:  /.  Biol  them., 

707 °727  (1940);  Mehl:  J.  Biol.  Chem. .,  757,  173  (1945);  Summerson:  Hawk,  Oser  and 
Summerson,  Practical  Physiological  Chemistry  The  Blakiston  Co,  1943. 

Essentially,  serum  is  diluted  with  saline  and  then  treated  with  a  special  biuret  reagent 
to  produce  a  color  the  intensity  of  which  is  proportional  to  the  protein  content.  Serum 
albumins  may  be  separated  from  the  serum  by  precipitating  the  serum  globulins  with 
23  per  cent  sodium  sulfate  solution  as  in  the  above  method.  Separation  is  facilitated  br 
«b*kin a  and  then  centrifuging.  The  manipulations  are  so  similar  to  those- 


60  UC1  tem  ovuiuxi.  ~  — - - -  _ 

adding  ether,  shaking  and  then  centrifuging.  The  manipulation 

of  the  Greenberg  method  that  further  details  are  being  omitted.  , 

The  standard  used  is  pooled  serum,  the  protein  content  of  which  is  detenninec I  by  the. 
Kjeldahl  method;  or  bovine  albumin,  which  is  obtainable  from  The  Armour  Co.,  Ch.cag  „ 

Illinois. 
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sodium  molybdate.  Add  700  ml.  of  water  and  50  ml.  of  85  per  cent  syrupy 
phosphoric  acid.  Mix  and  add  100  ml.  of  concentrated  hydrochloric  acid. 
Mix  again.  Reflux  gently  for  ten  hours.  Now  add  150  gm  of  lithium  sulfate 
Mix  until  the  solid  dissolves.  Add  5  to  10  ml.  of  bromide  water.  Mix.  Boil 
for  fifteen  minutes  to  remove  the  excess  bromine.  Cool  to  room  temperature. 
Transfer  to  a  liter  volumetric  flask.  Dilute  to  mark  with  water.  Mix  thor- 
oughly.  Filter,  if  not  perfectly  clear,  into  a  glass-stoppered  amber  bottle,  ihe 
reagent  is  sensitive  to  light  and  dust.  It  should  have  a  dirty  yellowish  color. 

If  it  becomes  green,  it  should  be  discarded. 

22.2  Per  Cent  Sodium  Sulfate  Solution.  Transfer  222.0  gm.  of  pure 
anhydrous  sodium  sulfate  to  a  liter  volumetric  flask.  Add  about  700  ml.  of 
distilled  water  that  has  been  warmed  to  50°  to  60  °C.  Rotate  the  flask  until 
all  the  salt  dissolves.  If  necessary,  cool  to  40 °C.  and  add  water  to  the  mark. 
Stopper  the  flask.  Mix  thoroughly.  Transfer  to  a  bottle.  Store  at  37  °C.,  since 
the  solute  will  crystallize  out  at  lower  temperatures.  If  this  happens,  warm 
the  bottle  and  shake  until  the  solid  dissolves. 

Standard  Tyrosine  Solution.  Weigh  0.2000  gm.  of  pure  tyrosine. 
Transfer  it  to  a  liter  volumetric  flask,  using  0.1  A  hydrochloric  acid  to  aid 
in  the  transfer.  Dilute  to  mark  with  the  0.1  N  hydrochloric  acid.  Stopper. 
Mix  thoroughly.  Store  in  an  amber  bottle.  This  solution  contains  0.20  mg. 
of  tyrosine  per  milliliter.  One  milliliter  of  it  will  give  the  same  color  when 
treated  with  phenol  reagent  as  3.20  mg.  of  serum  total  proteins,  or  3.36  mg. 
of  serum  albumins. 

Experiment  22.  The  Determination  of  Serum  Albumins  and  Globu¬ 
lins.*  Sufficient  22.2  per  cent  sodium  sulfate  solution  is  added  to  diluted 
serum  to  precipitate  the  globulins.  At  this  salt  concentration  the  serum 
albumins  remain  in  solution.  After  removing  the  globulins,  the  protein  in  the 
filtrate  is  determined  by  means  of  Folin-Ciocalteu’s  phenol  reagent  (see 
above).  Tyrosine  is  used  as  a  standard;  1.0  mg.  gives  a  color  equivalent  to 
16.8  mg.  of  albumin. 

The  serum  globulin  concentration  is  calculated  as  the  difference  between 
the  serum  total  protein  and  the  serum  albumin  concentration. 

The  amount  of  sodium  sulfate  added  to  the  diluted  serum  and  the  tempera¬ 
ture  of  precipitation  are  critical.  If  the  salt  concentration  is  raised,  more 
protein  precipitates  and  is  called  “globulin”;  the  “albumin”  determination 
in  this  case  will  be  low.  The  reverse  condition  also  will  occur.  Since  the 
ratio  of  serum  albumin  to  serum  globulin  is  often  of  diagnostic  significance, 

slight  changes  in  the  prescribed  conditions  will  yield  greatly  altered  albumin- 
globulin  ratios. 

Procedure.  Pipette  0.50  ml.  of  fresh  serum  into  a  dry  test  tube. 

Add  9.50  ml.  of  22.2  per  cent  sodium  sulfate  solution.  (Since  sodium 
sulfate  crystallizes  from  this  solution  at  room  temperature,  it  should  be 

s  ored  in  an  incubator  at  37°C.  Also,  the  pipette  should  be  warmed  slightly 
to  prevent  crystallization  in  it.)  &  > 

Stopper  the  tube  and  mix  its  contents  by  several  slow  inversions. 

Incubate  at  37  C.  for  at  least  four  hours. 

*  Greenberg,  J.  Biol.  Chem 82,  545  (1924) . 
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Set  up  in  the  incubator  a  dry  funnel  containing  a  dry,  folded  filter  paper 
and  beneath  it  place  a  dry  125  ml.  Erlenmeyer  flask. 

Filter  and  refilter  the  mixture  until  a  clear,  colorless  filtrate  is  obtained 
(Be  careful  to  pi  event  excess  evaporation  at  the  elevated  temperature  b^ 
covering  the  funnel  with  a  watch  glass.) 

Pipette  5.00  ml.  of  the  filtrate  into  a  50  ml.  volumetric  flask. 

Into  a  second  50  ml.  volumetric  flask,  pipette  4.00  ml.  of  standard  tyro 
sine  solution. 

Continue  the  procedure  exactly  as  directed  under  The  Determination  oi 
Serum  Proteins  (Experiment  20,  p.  124),  from  the  asterisks  to  the  end. 

Reagents.  See  pp.  124,  125. 

Experiment  23.  The  Determination  of  the  Icterus  Index.*  A  rapic 
and  approximate  estimation  of  bilirubin  in  serum  is  made  by  the  simple 
comparison  of  the  color  of  the  serum  with  that  of  a  dilute  standard  potassium 
dichromate  solution.  The  presence  of  other  serum  pigments  will  make  the 
icterus  index  appear  too  high,  as  will  hemolysis  of  the  blood  sample. 

Procedure.  Obtain  a  blood  sample  taken  during  the  postabsorptive 
state  so  as  to  minimize  interference  by  lipochromes.  (Carotene-containing 
foods  should  have  been  avoided  for  the  twenty-four  hours  before  the  deteri 
mination.) 

Allow  the  blood  to  clot. 

Loosen  the  clot  with  an  applicator,  centrifuge  the  sample,  and  then  draw 
off  the  serum.  (Take  every  precaution  to  prevent  hemolysis.) 

Place  about  5  ml.  of  0.01  per  cent  potassium  dichromate  solution  in  £i 
dry  test  tube. 

Pipette  1.00  ml.  of  the  serum  into  a  second  similar  dry  test  tube. 

Dilute  the  serum  with  successive  1.00  ml.  additions  of  0.9  per  cen 
sodium  chloride  solution,  mixing  after  each  addition,  until  the  color  approxc 
imately  matches  the  standard.  Note  the  dilution. 

Transfer  the  samples  to  dry  colorimeter  cups  and  compare  in  a  colorimeter 

Calculate  the  icterus  index  on  the  basis  that  1  unit  of  icterus  index  is  ei 
serum  color  equal  to  that  of  0.01  per  cent  potassium  dichromate  solution  i 

It  is  inadvisable  to  perform  this  determination  photocolorimetrically.  The 
effect  of  the  opalescence  of  most  serum  samples,  which  is  automatically 
compensated  for  by  the  naked  eye,  will  cause  some  dispersion  of  light  anc< 
high  results  when  measured  in  a  photoelectric  colorimeter. 

Experiment  24.  The  Determination  of  Bilirubin  ( van  den  Bergh  Test ).' 
Diluted  serum  is  treated  with  diazotized  sulfanilic  acid  {Ehrlich's  reagent) 
in  the  presence  of  methyl  alcohol.  The  bilirubin  couples  with  the  diazomuin 
salt  to  form  an  azo  dye  of  pink  color,  the  intensity  of  which  is  proportion 
to  the  concentration  of  the  bilirubin.  Some  or  all  of  the  bilirubin  m  sera 
appears  to  be  conjugated  with  protein.  Such  compounds  give  a  delayer 
reaction  with  Ehrlich's  reagent,  and  the  developed  color  is  at  first  yellowish 


*  Rhamy  and  Adams,  /.  Lab.  Clin.  Med.,  13,  87  (1927-28). 

t  Malloy  and  Evelyn,  /.  Biol.  Chem.,  119 ,  481  (1937);  Sepulveda  and  Osterber* 
/.  Lab.  Clin.  Med.,  28,  1359  (1943). 
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brown,  changing,  only  after  one  to  two  hours,  to  the  charge tenst to  pink  red 
color  of  azorubin.  The  addition  of  methyl  or  ethyl  alcohol  to  the  diluted 
serum  apparently  causes  the  conjugated  bilirubin  to  be  freed  for  immediate 
coupling  with  the  diazo  reagent.  This  determination,  therefore,  gives  the 
result  in  terms  of  total  bilirubin,  or  the  so-called  “indirect  reaction. 

Procedure.  Pipette  1.00  ml.  of  unhemolyzed  serum  into  a  1U  ml. 


volumetric  flask. 

Dilute  to  mark  with  distilled  water,  stopper  and  mix  thoroughly. 

Pipette  into  each  of  two  dry  labeled  test  tubes,  5.00  ml.  of  absolute 
methyl  alcohol  and  1.00  ml.  of  freshly  prepared  diazo  reagent. 

Immediately  transfer  to  one  test  tube,  4.00  ml.  of  the  diluted  serum. 

Into  the  second  tube,  pipette  4.00  ml.  of  dilute  standard  bilirubin  solution 


N°.  1. 

Stopper  the  tubes  and  mix  the  contents  by  slowly  inverting  them  several 
times.  (Gas  may  be  evolved.  Why?) 

Allow  to  stand  for  thirty  minutes. 

Compare  the  solutions  in  a  colorimeter  immediately  thereafter. 

Since  the  range  of  concentration  of  bilirubin  is  large,  it  is  advisable  to 
make  up  several  standards  of  various  concentrations  and  to  compare  the 
unknown  with  the  standard  which  most  closely  matches  its  color. 

Calculate  the  number  of  milligrams  of  bilirubin  per  100  ml.  of  serum. 
When  using  the  visual  colorimeter,  refer  to  the  equation  on  page  67.  If  a 
photoelectric  colorimeter  is  used,  the  appropriate  relationships  may  be  found 
on  page  71,  or  a  calibration  curve  may  be  used. 

Calibration  Curve.  Place  nine  dry  test  tubes  in  a  rack.  Pipette  the 
following  quantities  of  bilirubin  standard  solutions  and  absolute  methyl 
alcohol  into  them: 


Mg.  Per  Cent  of 
Bilirubin 

Ml.  of  Bilirubin 
Standard  No.  1 

Ml.  of  Bilirubin 
Standard  No.  2 

Ml.  of 
Alcohol 

1 . 

0.00 

0.00 

•  • 

9.00 

2 . 

1.25 

1.00 

•  • 

8.00 

2.50 

2.00 

•  • 

7.00 

5.00 

4.00 

•  • 

5.00 

7.50 

6.00 

•  • 

3.00 

6 . 

10.0 

8.00 

1.00 

15.0 

•  • 

3.00 

6.00 

3 . 

20.0 

•  • 

4.00 

5.00 

25.0 

5.00 

4.00 

Add  1.00  ml.  of  freshly  prepared  diazo  reagent  to  each. 

Stopper  the  tubes  and  mix  the  contents  by  slowly  inverting  several  times. 
Allow  to  stand  for  thirty  minutes. 

Read  in  the  photoelectric  colorimeter  immediately  thereafter,  using  the 
IhfegooTri:  maXima‘ transmission  in  the  8reen  at  535  n*  Sll 

Prepare  a  calibration  curve  on  linear  or  semilog  graph  paper  by  plotting 


Reagents: 

Methyl  Alcohol.  Absolute,  reagent  grade. 
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Diazo  Reagent.  Solution  A.  Transfer  0.5  gm.  of  reagent  grad 
sulfanilic  acid  to  about  200  ml.  of  water.  Add  7.5  ml.  of  concentrated  hydro 
chloric  acid.  Stir  until  the  solid  is  dissolved.  Transfer  to  a  500  ml.  volu 
metric  flask.  Dilute  to  mark  with  water.  Mix.  Store  in  an  amber  bottle. 

Solution  B.  Dissolve  0.5  gm.  of  reagent  grade  sodium  nitrite  in  100  ml 
of  water.  This  solution  is  stable  for  only  one  day. 

Reagent.  Must  be  prepared  fresh  just  before  use.  Mix  25  ml.  of  solu 
tion  A  with  0.75  ml.  of  solution  B. 

Stock  Bilirubin  Solution.  Weigh  0.0100  gm.  of  pure  bilirubb 

and  transfer  it  to  a  dry  100  ml.  volumetric  flask,  using  reagent  gradl 
anhydrous  chloroform  to  aid  in  the  transfer.  Dilute  to  mark  with  the  chlorc 
form.  Stopper  the  flask.  Mix  thoroughly.  Transfer  to  a  dry,  glass-stoppere< 
amber  bottle.  This  solution  contains  0.10  mg.  of  bilirubin  per  milliliter. 

Standard  Bilirubin  Solution  No.  1.  Transfer  5.00  ml.  of  stoc 
bilirubin  solution  to  a  dry  100  ml.  volumetric  flask.  Dilute  to  mark  wit: 
absolute  methyl  alcohol.  Stopper,  mix  thoroughly,  and  transfer  to  a  dry 
amber  bottle.  This  solution  contains  0.0050  mg.  of  bilirubin  per  milliliter 

Standard  Bilirubin  Solution  No.  2.  Transfer  20.00  ml.  of  stoc: 
bilirubin  solution  to  a  dry  100  ml.  volumetric  flask.  Dilute  to  mark  wit: 
absolute  methyl  alcohol.  Stopper,  mix  thoroughly,  and  transfer  to  a  dr) 
amber  bottle.  This  solution  contains  0.020  mg.  of  bilirubin  per  milliliter. 


Chapter  13 


Urine 


Urine  contains  (along  with  a  number  of  inorganic  ions)  nitrogenous  com¬ 
pounds  such  as  urea,  creatinine  and  uric  acid.  Tests  for  these  constituents  are 
given,  as  well  as  several  important  quantitative  determinations. 


Experiment  1.  Urea.  Decomposition  by  Urease.  To  3  ml.  of  0.1  M 
urea  add  4  drops  of  0.04  per  cent  phenol  red  solution.  If  the  pink  alkaline 
color  is  not  obtained,  add  0.1  M  sodium  hydroxide,  drop  by  drop,  until  the 
solution  turns  faintly  pink.  Add  0.1  M  acetic  acid,  drop  by  drop,  until  the 
pink  color  is  just  discharged  (pH  7).  Add  0.5  gm.  of  soy  bean  (or  Jack 
bean)  meal,  and  shake.  Allow  to  stand  for  some  time.  Note  the  color  of  the 
solution.  Explain. 


(o)  Why  must  the  pH  be  carefully  adjusted? 

(6)  What  effect  has  the  presence  of  heavy  metals? 

(c)  This  reaction  is  the  basis  for  a  quantitative  determination  of  urea. 
Explain. 


Experiment  2.  Urea.  Urea  Oxalate.  Place  2  drops  of  0.1  M  urea  on 
a  microscope  slide.  Add  1  drop  of  0.5  M  oxalic  acid  and  mix  by  stirring  with 
a  fine  glass  rod.  Place  a  cover  slip  over  the  liquid  and  examine  the  crystals 
under  a  microscope.  Make  a  drawing  of  the  crystals. 

(а)  What  is  the  formula  of  urea  oxalate? 

(б)  How  could  you  recover  urea  from  urea  oxalate? 


Experiment  3.  Urea.  Formation  of  Biuret.  Carefully  heat  1  gm.  of 
urea  in  a  dry  test  tube.  The  urea  melts.  Note  the  odor  of  the  gas  which  is 
evolved.  Continue  heating  until  the  solidification  point.  Allow  to  cool.  Add 
2  ml.  of  water  and  shake  well.  Perform  a  biuret  test  on  the  solution. 

(а)  Write  the  equation  for  the  reaction. 

(б)  What  products  other  than  biuret  are  formed? 


Experiment  4.  Xanthydrol  Test  for  Urea  in  Urine*  Dilute  1  ml  of 
ZT  W?el fto .50°  J01-  Transff  5  ^  of  the  diluted  urine  to  a  test  tube, 

n?lrll,  l  l'  3CetlC  aC'd  and  °'5  mL  of  a  methyl  alcohol  solution 

anthydrol.  Mix  the  contents  thoroughly,  preferably  by  closing  the  tube 

with  a  clean  cork  and  shaking  vigorously.  Allow  to  stand  for  one  hour 

during  which  time  the  dtxanthhydryl  urea  separates  slowly  from  solution 
and  gathers  in  large,  loose  clumps.  y  solution 

Experiment  5.  Uric  Acid.  Murexide  Test  pi0  o  j  f 

trated  nitric  acid  and  0.1  gm.  of  uric  acid  in  a  porcelain  dish  HeaTon^'a 
Alien  and  Luck,  /.  Biol.  Chem 82,  693  (1929) . 
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steam  bath  until  the  nitric  acid  and  water  have  evaporated.  Note  the  color  of 
the  deposit.  Add  2  ml.  of  dilute  ammonium  hydroxide  (1:100).  Note  the 
color. 

Experiment  6.  Uric  Acid.  Schiff  Test.  To  0.1  gm.  of  uric  acid  add 
10  ml.  of  0.1  M  sodium  carbonate.  Pour  solution  on  a  filter  paper  moistened 
with  0.1  M  silver  nitrate.  Note  the  color. 

(a)  What  ions  interfere  with  this  test? 

(b)  Why  cannot  sodium  hydroxide  be  used  in  place  of  sodium  carbonate? 

(c)  Does  uric  acid  have  reducing  properties? 


Experiment  7.  Creatinine.  Picric  Acid  Test.  Place  5  ml.  of  urine  in 
one  test  tube  and  5  ml.  of  water  in  another.  To  each  add  1  ml.  of  a  saturated 
solution  of  picric  acid,  and  1  ml.  of  2  M  sodium  hydroxide.  Note  the  color. 

(a)  Compare  this  test  with  that  in  which  glucose  is  treated  with  alkaline- 
picrate  solution. 

(b)  Are  the  colored  compounds  the  same? 


Experiment  8.  Creatinine.  Nitroprusside  Test.  To  5  ml.  of  urine 
add  5  drops  of  0.1  M  sodium  nitroprusside.  Add  M  sodium  hydroxide,  drop 
by  drop,  until  a  red  color  appears.  Boil.  Note  the  color  change.  Acidify  care¬ 
fully  with  glacial  acetic  acid  and  heat  for  one  minute.  Note  the  result. 

(а)  What  substance  in  urine  may  interfere? 

(б)  What  is  the  effect  of  alkali  on  creatinine? 

(c)  What  products  are  formed  when  creatine  is  boiled  with  barium 
hydroxide? 

( d )  How  may  creatine  be  converted  into  creatinine? 

Experiment  9.  Phosphates.  Add  dilute  ammonium  hydroxide  (1:10) 
to  10  ml.  of  urine  until  it  is  alkaline  to  litmus.  Gently  warm  the  mixture  and.1 
filter  (precipitate  A).  Add  3  ml.  of  “magnesia  mixture”  to  the  filtrate  and! 

warm  gently.  Note  the  precipitate  (B). 

(a)  What  are  the  precipitates  A  and  B? 

(b)  What  happens  when  urine  is  allowed  to  stand  for  some  time. 


Experiment  10.  The  Isolation  of  Hippuric  Acid.  The  greater  part  of 
benzoic  acid  which  is  ingested  is  detoxified  by  conjugation  with  S^jine,  an 
the  resulting  hippuric  acid  is  excreted  in  the  urine.  Hippuric  acid  is  con 
veniently  isolated  by  acidifying  the  urine  and  salting  out  with  ammonium 

S  Ingest  1.4  gm.  of  sodium  benzoate  during  the  evening  meal. 

Collect  all  die  urine  voided  in  the  morning.  Dilute  the  urine  in  an  app 
•  dypd  beaker  with  an  equal  volume  of  saturated  solution  of  ammonium 

priate-sized  beaker  with  an  q  acid  for  each  100  ml.  of  urine. 

sSl.  ..m!  ft.  solution  i.  MnMy  odd  to  C»„5.  tod. 
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Set  the  beaker  aside-preferably  in  a  refrigerator-for  twenty-four  hours  or 


Fiber  the  crystals  on  a  small  funnel,  using  suction.  Wash  the  crystals 
with  a  smaU  quantity  of  cold  water,  then  air  dry  the  residue,  and  finally  dry 
it  in  an  oven  at  100 °C.  Weigh  the  crystals.  Determine  the  melting  point  of 
the  product.  Recrystallize  from  the  smallest  amount  of  boiling  water,  and 
again  determine  the  melting  point  of  the  crystals. 


(o)  Calculate  the  per  cent  “yield”  of  crude  hippuric  acid.  # 

( b )  Compare  the  melting  point  you  obtained  with  that  reported  in  the 

literature. 

(c)  What  do  you  conclude  about  the  purity  of  your  hippuric  acid? 

{d)  How  would  you  proceed  to  purify  it  sufficiently  to  duplicate  the  melt¬ 
ing  point  reported  in  the  literature? 

(e)  In  what  other  manner  does  the  body  detoxify  benzoic  acid? 

(/)  Compare  your  “yield”  of  hippuric  acid  with  those  of  the  other 

students. 


TESTS  FOR  ABNORMAL  CONSTITUENTS 

The  following  tests  may  be  performed  on  “pathological  urine.”  The 
amounts  of  these  constituents  are  too  small  to  be  detected  in  normal  urine. 
For  comparison,  each  of  the  tests  may  be  done  on  normal  urine. 

Experiment  11.  Test  for  Acetone  Bodies  (Rothera’s  Method).  Satu¬ 
rate  10  ml.  of  urine  with  solid  ammonium  sulfate.  Add  2  to  3  drops  of  a 
freshly  prepared  5  per  cent  sodium  nitroprusside  solution  and  1  to  2  ml.  of 
concentrated  ammonium  hydroxide.  Mix  well  and  allow  to  stand  for  one-half 
hour. 

A  positive  test  is  shown  by  the  development  of  a  purplish  color  approxi¬ 
mating  that  of  a  permanganate  solution.  This  test  is  given  by  acetone  and 
acetoacetic  acid. 


Experiment  12.  Gerhardt’s  Ferric  Chloride  Test  for  Acetoacetic  Acid. 
To  5  ml.  of  urine,  which  contains  no  phenol,  sodium  bicarbonate,  aspirin 
or  other  salicylates,  add  a  5  per  cent  ferric  chloride  solution,  drop  by  drop 
until  no  further  precipitation  of  ferric  phosphate  occurs.  Filter,  and  discard 
the  precipitate.  The  development  of  a  red  color  in  the  solution  indicates  the 
presence  of  acetoacetic  acid.  To  confirm  this,  do  the  following:  Boil  another 
10  ml.  portion  of  the  urine  for  about  five  minutes  to  decompose  the 
acetoacetic  acid.  Coo  1  Repeat  the  test  with  5  ml.  of  the  cool,  boiled  urine  A 
negative  result  should  now  be  obtained.  * 

(а)  Define  the  term  “acetone  bodies.” 

(б)  What  is  the  metabolic  origin  of  acetone  bodies’ 

c)  What  is  the  range  of  the  amounts  of  acetone  bodies  in  normal  urine’ 

bodies  found  in  the  urine?  Why?  abnormal  amount  of  acetone 
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(e)  How  is  the  presence  of  excessive  amounts  of  acetone  bodies  in  the 
urine  and  blood  related  to  acidosis? 

Experiment  13.  Test  for  Bile  in  Urine.  See  p.  62. 

(a)  What  is  the  significance  of  the  presence  of  abnormal  amounts  of  bile 
pigments  in  the  urine? 

Experiment  14.  Test  for  Blood  in  Urine.  See  p.  64. 

Experiment  15.  Test  for  Reducing  Sugars  in  Urine.  Add  5  ml.  of 
Benedict’s  qualitative  reagent  to  a  test  tube  containing  8  drops  of  urine. 
Place  in  a  vigorously  boiling  water  bath  for  five  minutes,  and  allow  to  cool 
slowly. 

Record  the  color  of  the  precipitate,  if  any,  and  of  the  supernatant  liquid. 
The  phenylhydrazine  reaction  (p.  3)  may  be  used  to  confirm  the  presence 
of  urinary  glucose.  Dilute  5  ml.  of  urine  with  5  ml.  of  water  and  follow  those 
directions.  Examine  the  crystals  under  the  microscope. 

(а)  Is  the  presence  of  detectable  amounts  of  glucose  in  urine  a  certain 

indication  of  diabetes?  Why  ? 

(б)  What  is  meant  by  “the  renal  threshold”? 

(c)  What  amounts  of  glucose  may  be  found  in  24  hour  urine  samples 
from  patients  with  pathological  glycosuria? 

Experiment  16.  Test  for  Proteins.  For  Heller’s  Ring  Test,  see  p.  23. 

X 

\  Experiment  17.  Coagulation  Test  for  Proteins.  Filter  10  ml.  of  urme, 
if  it  is  not  clear.  Add  5  ml.  of  this  clear  urine  to  a  test  tube  and  bring  to  a 
boil  Keep  at  the  boiling  temperature  for  one  to  two  minutes.  When  a  pre- 
cipitate  forms,  add  3  to  5  drops  of  2  N  acetic  acid.  A  precipitate,  which  be- 
comes  more  flocculent  upon  the  addition  of  the  dilute  acetic  acid,  indicates 

the  presence  of  proteins. 

(a)  What  types  of  proteins  are  precipitated  in  the  coagulation  test? 

( b )  What  happens  when  too  much  acetic  acid  is  used  in  the  coagulation 

test  even  though  proteins  are  present?  .  ,  .  i  •  » 

(c)  Occasionally  a  precipitate  is  obtained  on  heating  the  urme  which 

dissolves  upon  the  addition  of  several  drops  of  2  A  acetic  acid.  What  is  this 

^Tthe  presence  of  albumin  in  the  urine  always  an  indication  of  a 
pathological  condition? 

Experiment  18.  Test  for  Indican.  To  a  test  tube  containing  10  ml. 
of  urine  add  10  ml.  of  Obermayer’s  reagent  and  3  ml.  of  chloroform.  Mix  by 
inverting  the  test  tube  about  ten  times.  Allow  to  stand  and  examine  the 

.chloroform  layer. 

(a)  Describe  the  chemistry  of  this  test. 

(b)  State  a  condition  that  causes  mdicanuna. 
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QUANTITATIVE  DETERMINATIONS 

Experiment  19.  Collection  of  a  24  Hour  Urine  Specimen  The 
student  will  obtain  some  toluene  or  a  few  crystals  of  thymol  (see  mstruc  ) . 
The  preservative  is  to  be  placed  in  the  urine-collection  bottle.  On  awakening, 
void  the  urine  and  discard.  From  that  time  and  during  the  next  24  hours 
collect  the  urine  in  the  bottle  containing  the  preservative.  This  includes 
urine  obtained  upon  awakening  the  second  day.)  If  possible,  keep  the  urine 
specimen  refrigerated.  When  the  24  hour  specimen  has  been  collected,  mix, 
measure  its  total  volume  and  withdraw  enough  for  the  determinations. 


Experiment  20.  The  Determination  of  Ammonia  in  Urine*  Per- 
mutit  is  a  sodium  aluminum  silicate.  The  sodium  may  be  reversibly  replaced 
by  other  positive  ions.  Ammonia  from  urine  replaces  it  in  this  method.  The 
remainder  of  the  urine  is  decanted  and  discarded.  Upon  the  addition  of 
strong  sodium  hydroxide  solution,  the  ammonia  from  ammonium  permutit 
is  liberated.  Nessler’s  solution,  added  directly,  forms  with  ammonia  a  brown- 
red  compound  which  remains  in  solution  for  a  short  time.  The  color  de¬ 
veloped  is  a  measure  of  the  ammonia  present. 

Procedure.  Weigh,  on  a  piece  of  filter  paper,  approximately  2  gm. 


of  permutit. 

Introduce  the  powder  into  a  200  ml.  volumetric  flask. 

Add  approximately  50  ml.  of  water.  Shake  and  decant  the  supernatant 
liquid  (which  may  contain  some  fine  particles)  and  discard. 

Add  4.5  ml.  of  water  (no  more),  washing  down  the  permutit  from  the 
neck  of  the  flask. 

Transfer  2  ml.  of  urine  into  the  flask. 

Rinse  down  the  sides  of  the  vessel  with  1  to  5  ml.  of  water  (no  more) . 

Shake  the  flask  gently  for  about  five  minutes. 

Rinse  the  powder  to  the  bottom  of  the  flask  with  25  to  40  ml.  of  water. 

Allow  the  permutit  to  settle,  and  then  decant  and  discard  the  supernatant 
liquid. 


Repeat  the  process  of  adding  25  to  40  ml.  of  water  and  decanting  twice 
more,  being  sure  not  to  lose  any  permutit. 

Add  5  ml.  of  water  to  the  powder,  and  introduce  into  the  flask  2  ml.  of 
10  per  cent  sodium  hydroxide. 

Shake  the  flask  for  a  few  minutes  and  then  set  it  aside  while  preparing 
the  standard  ammonium  sulfate  solution.  6 


Transfer  20.0  ml.  of  standard  ammonium  sulfate  (1  ml.  =  0  05  mo-  /VI  tn 
a  clean  200  ml.  volumetric  flask.  G’ 

Add  2  ml.  of  10  per  cent  sodium  hydroxide. 

Dilute  to  about  150  ml.  and  shake. 


Pour  into  a  measuring  cylinder  20  ml.  of  alkaline  Nessler’s  reagent. 

Swirl  the  volumetric  flask  (to  set  the  solution  spinning  within  the  flask) 

shouldPr'Slt  If  not  di  7  d'™'  <A  ***  ^  but  Cry9tal'clear  solution 
should  result.  If  not,  discard  and  prepare  a  fresh  standard.) 


*  folin  and  Bell,  /.  Biol.  Chem.,  29,  329  (1917). 
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Now  dilute  the  contents  of  the  flask  containing  the  permutit  and  urinary 
ammonia  to  about  150  ml. 

Pour  into  a  measuring  cylinder,  20  ml.  of  alkaline  Nessler’s  reagent. 

Whirl  the  volumetric  flask  and  add  the  Nessler’s  solution  in  the  same 
manner  as  in  the  case  of  the  standard. 

Dilute  the  contents  of  both  flasks  to  200  ml.,  stopper  and  invert  several 
times. 

Compare  in  a  colorimeter  as  soon  as  the  permutit  settles. 

Calculations  : 

1.  Calculate  the  number  of  milligrams  of  ammonia  N  per  100  ml.  of  urine. 

2.  Calculate  the  quantity  of  ammonia  in  a  24  hour  sample. 

Reagents: 

Stock  Nessler’s  Solution.  See  Nonprotein  Nitrogen  (p.  81). 

Standard  Ammonium  Sulfate  Solution.  See  Nonprotein  Nitrogen 
(p.  32). 

10  Per  Cent  Sodium  Hydroxide.  Dilute  200  ml.  of  50  per  cent  sodium 
hydroxide  to  1  liter. 

Permutit.  According  to  Otto  Folin.  (Obtained  from  Permutit  Co.) 

(a)  Derive  the  formula  for  calculation  of  the  results. 

( b )  Give  the  function  of  permutit. 

(c)  What  is  meant  by  “elution”?  Give  several  examples  of  its  use. 

(</)  Suggest  another  method  for  the  determination  of  urinary  ammonia. 

Experiment  21.  Determination  of  Phosphate  in  Urine.*  Pipette 
1.0  ml.  of  urine  into  a  100  ml.  volumetric  flask.  Add  approximately  70  ml- 
water.  Pipette  5.0  ml.  of  a  standard  phosphate  solution,  containing  0.4  mg. 
phosphorus  per  5  ml.,  into  another  100  ml.  volumetric  flask  together  with 
some  65  ml.  of  water. 

To  each  flask  add  10  ml.  of  the  molybdate  reagent.  Mix.  To  each  add  4  ml. 
of  the  aminonaphthol  sulfonic  acid  reagent.  Mix  and  dilute  with  water  to  the 
100  ml.  mark.  Invert  and  compare  in  the  colorimeter. 

Calculation:  (Visual  colorimeter,  see  p.  67) 

Reading  of  standard  ^  q  4  ^  vop  0f  urine  collected  in  24  hrs.  =  mg. 
Reading  of  unknown  phosphate  per  24  hour  urine  specimen. 

Reagents:  See  p.  103  under  phosphates  in  blood;  use  the  molybdate  solu¬ 
tion  which  is  made  up  in  5  A  sulfuric  acid. 

]  Experiment  22.  Determination  of  Creatinine  in  Urine.  Pipette 
1.0  ml.  of  urine  into  a  100  ml.  volumetric  flask.  Into  a  second  flask  pipette 
1.0  ml.  of  a  standard  creatinine  solution  containing  1.0  mg.  creatinine  per  ml. 
To  each  flask  add  20  ml.  of  1  per  cent  picric  acid  from  a  graduated  cylinder 
followed  by  1.5  ml.  of  10  per  cent  NaOH.  Mix  and  allow  to  stand  for  15 
minutes  before  comparison  in  a  colorimeter. 

*  Fiske  and  Subbarow,  /.  Biol.  Chem.,  66,  375  (1925). 
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Calculation:  (Visual  colorimeter,  see  p.  67) 

Reading  of  standard  yolume  of  urine  in  24  hrs.  =  mg.  creatinine  per  24 
Reading  of  unknown  hours. 


Reagents:  ...  „  l;.  „  ^  l 

Standard  creatinine  solution:  Dissolve  1  gm.  creatinine  m  one  liter  of  0.1 

Picric  acid:  Dissolve  1  gm.  of  purified  picric  acid  in  100  ml.  water. 

Sodium  hydroxide:  Prepare  a  10  per  cent  solution. 

Experiment  23.  The  Determination  of  Chlorides  in  Urine.*  The 
sample  is  titrated  with  standard  mercuric  nitrate  solution  at  the  proper 
acidity  in  the  presence  of  diphenylcarbazone  as  indicator.  Chlorides  present 
react  with  the  added  mercuric  ions  to  form  soluble  but  undissociated 
mercuric  chloride.  An  excess  of  mercuric  ions  turns  the  indicator  purple.  The 

end-point  is  sharp  and  relatively  stable. 

Procedure.  Pipette  0.20  ml.  of  a  24  hour  urine  specimen  into  a  50 
ml.  Erlenmeyer  flask  and  add  1.8  ml.  of  distilled  water.  Add  1  to  3  drops  of 
0.67  N  sulfuric  acid  and  mix  well.  Then  add  0.2  ml.  of  diphenylcarbazone 
indicator  and  titrate  to  a  purple  end-point  with  the  standardized  mercuric 
nitrate  solution.  (It  is  preferable  to  add  the  mercuric  nitrate  from  a  micro¬ 
burette.  The  size  of  the  drops  should  be  such  that  1  ml.  equals  about  100 
drops.) 

Calculation:  Ml.  standardized  mercuric  nitrate  X  160  =  milliequivalents 
chloride  as  sodium  chloride. 


Reagents: 

Diphenylcarbazone  Indicator.  Dissolve  200  mg.  in  95  per  cent  ethyl 
alcohol.  Make  up  to  100  ml.  in  a  volumetric  flask.  Store  in  a  dark  bottle, 
preferably  in  a  refrigerator.  Prepare  fresh  monthly. 

0.67  A  Sulfuric  Acid.  Add  35  gm.  of  concentrated  sulfuric  acid  to  1 
liter  of  distilled  water.  Standardize  against  alkali  of  known  strength. 

Mercuric  Nitrate  Solution.  In  a  liter  volumetric  flask  dissolve  3  gm. 
of  anhydrous  C.P.  mercuric  nitrate  in  about  500  ml.  distilled  water,  and  add 
2.5  ml.  of  concentrated  nitric  acid.  When  dissolved,  make  up  to  1  liter.  Mix, 
allow  to  stand  a  few  days,  then  standardize.  Dilute  so  that  1  ml.  is  equal  to 
100  milliequivalents  of  sodium  chloride. 

Standardization  of  Mercuric  Nitrate  Solution:  (Carried  out  in  tripli¬ 
cate  ) .  To  0.20  ml.  of  0.1000  N  sodium  chloride  solution  in  a  50  ml 
Erlenmeyer  flask  add  1.8  ml.  of  distilled  water,  3  drops  of  0.67  N  sulfuric 
acid  and  0.2  ml.  of  indicator  solution.  Titrate  with  the  stock  mercuric  nitrate 
to  a  purple  end-point.  Adjust  so  that  1  ml.  of  mercuric  nitrate  solution  is 
equal  to  100  milliequivalents  of  sodium  chloride. 


&  iS  *  “Port"*  to  keep  the  indicator  cool  and  away  from  light? 
(  )  Why  IS  it  best  that  the  pH  of  the  sample  be  between  4.5  to  6.0  at  the 

*  Schales  and  Schales,  /.  Biol.  Chem.,  140,  879  (1941)  •  Asnpr  c  u  i 

/.  Biol.  Chem.,  168,  779  (1947).  ’  *  sper*  "5c“aies  aQd  Schales, 


136  Laboratory  Manual  of  Biochemistry 

beginning  of  the  titration?  (See  reference  to  Asper,  Schales  and  Schales.) 
(c)  What  is  the  origin  of  urinary  chlorides? 

(' d )  Can  this  “mercurimetric  determination”  be  applied  to  blood  serum 
and  blood  filtrates? 

( e )  Formulate  the  reaction  between  a  solution  of  mercuric  nitrate  and  a 
solution  of  sodium  chloride. 


Chapter  14 


Animal  Experiments 


Experiment  1.  Effect  of  Insulin  on  Blood  Glucose.  Obtain  a  normal 
blood  sample  from  a  rabbit  by  a  careful  cardiac  puncture,  using  heparin  in 

the  syringe  and  a  No.  20  gauge  needle. 

Inject  the  animal  subcutaneously  with  4  units  of  insulin  per  kilogram  of 

body  weight.  .  _ 

At  thirty  minutes,  one  hour  and  one  and  one-half  hours,  obtain  blood 

samples. 

Determine  the  glucose  content  of  the  various  blood  samples,  using  the 
Folin-Wu,  Shaffer-Hartmann  or  Nelson  methods  (pages  85,  87,  88). 

Plot  your  results. 

(a)  What  is  the  effect  of  insulin  on  blood  glucose? 

( b )  If  the  rabbit  were  to  get  an  overdose  of  insulin,  what  would  you  give 
it  to  counteract  this  effect? 


Experiment  2.  Effect  of  Epinephrine  on  Blood  Glucose.  Follow  the 
directions  of  Experiment  1,  but  inject  0.1  mg.  of  epinephrine  per  kilogram 
of  body  weight. 

(a)  What  is  the  effect  of  epinephrine  on  the  blood  glucose? 

( b )  Where  does  the  extra  glucose  come  from? 

(c)  What  other  action  has  epinephrine? 


Experiment  3.  Levels  of  Free  and  Total  Sulfanilamide  in  the  Blood. 
Prepare  a  solution  of  a  soluble  sulfa  drug,  such  as  sodium  sulfadiazine,  or 
neutralize  sulfanilamide  with  dilute  sodium  hydroxide.  Inject  0.5  to  1  gm. 
of  the  drug  intramuscularly. 

At  thirty  minutes,  one  hour  and  one  and  one-half  hours,  withdraw  blood 
samples  as  in  Experiment  1. 

Determine  the  free  and  total  sulfa  in  the  blood  samples  (p.  100). 

Calculate  the  conjugated  sulfa  from  your  data  and  plot  free  and  conjugated 
sulfa  content  of  the  blood  against  time. 


^at  1S  formula  for  the  sulfa  compound  that  you  injected? 

(6)?  mat  Sulfa  comPound  will  you  use  for  construction  of  your  standard 
curv 0 • 

\c\  ls, the  chemical  nature  of  the  conjugated  sulfa  compound? 
by2fa  irrapy?lgm  ““  “  6  ^  C°n*ent  °f  the  blood  treatment 


Experiment  4.  Effect  of  Impaired  Kidney  Function  * 
hours  before  the  class  meets,  a  rabbit  is  injected  with  sodh 
00  mg.  per  kilogram  of  body  weight  (see  Appendix). 

*  Gilman,  et  al.,  Am.  J.  Physiol 147,  115  (1946) . 


Twenty-four 

tetrathionate. 
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After  twenty-four  hours  a  complete  anuria  will  result.  Withdraw  blood  anci 
perform  the  determination  of  all  blood  constituents  normally  done.  This 
rabbit  must  be  sacrificed  after  the  completion  of  the  experiment. 

(а)  Which  blood  constituents  will  have  altered  from  the  normal  values: 

(б)  Why? 

(c)  In  what  diseases  will  similar  findings  be  obtained? 

Experiment  5.  Determination  of  Rat  Liver  Glycogen.  (This  experimen 
may  be  performed  on  two  rats,  one  fasted  for  24  hours,  the  other  not.) 
Anesthetize  a  rat  by  injecting  it  intramuscularly  with  5  mg.  Nembutal  per  IOC' 
gm.  of  rat.  When  the  rat  is  under  deep  anesthesia,  cut  open  the  abdominaj 
cavity  and  quickly  cut  a  small  piece  (about  200  to  400  mg.)  of  the  edge  o 
the  liver.  Immediately  transfer  this  piece  of  liver  to  a  15  ml.  graduates 
centrifuge  tube  containing  2  ml.  of  30  per  cent  KOH  which  had  been  weighec 
carefully  beforehand.  Speed  is  essential  since  glycogen  is  lost  very  rapidly  ii 
anaerobic  glycolysis  is  allowed  to  proceed  for  any  length  of  time.  Weigh  th« 
tube  with  the  liver  to  get  the  weight  of  wet  liver. 

Heat  the  centrifuge  tube  containing  the  liver  and  KOH  in  a  boiling  wate: 
bath  for  30  minutes  with  gentle  stirring.  Cool  in  a  beaker  of  cold  water.  Adc 
2  drops  of  10  per  cent  zinc  sulfate  solution  and  4  ml.  of  95  per  cent  ethanol 
Stir  and  heat  to  boiling  in  the  water  bath.  Cool  and  centrifuge.  Discard  th< 
supernatant.  Dissolve  the  precipitate  in  2  ml.  water  and  re-precipitate  witl 
4  ml.  ethanol.  Heat  to  boiling  as  before,  cool,  centrifuge  and  discard  th< 
supernatant. 

Dissolve  the  precipitated  glycogen  in  2  ml.  of  2.5  N  sulfuric  acid  anc 
heat  in  the  boiling  water  bath  for  30  minutes.  Cool,  add  1  drop  of  phenol 
phthalein  and  2.5  N  NaOH,  drop  by  drop  with  stirring,  until  the  first  pinl 
color  is  obtained.  Just  discharge  the  color  with  a  drop  of  0.5  N  sulfuric  acid 
Dilute  to  10  ml.  with  water,  and  mix. 

Remove  an  aliquot  of  the  solution  for  the  determination  of  glucose  (Ex 
periment  4,  p.  85).  Use  1  ml.  aliquot  if  the  liver  is  from  a  fasted  rat  and 
ml.  of  a  10  times  diluted  aliquot  if  the  liver  is  from  a  fed  rat.  Calculate  th 
glycogen  content  in  terms  of  per  cent  glycogen  of  wet  weight  liver. 

Experiment  6.  Penetration  of  Radioactive  Inorganic  Phosphati 
(P32q4=)  into  Red  Cells.  The  instructor  will  provide  the  necessary  in 
formation  and  demonstrations  in  order  to  acquaint  the  student  with  th 
problems  involved  in  handling  and  measuring  radioactive  compounds.  Thi 
should  include:  nature  of  health  hazards,  monitoring  devices,  long  distanc 

manipulation  technics  and  measuring  instruments.  . 

1.  Remove  12  to  15  ml.  of  blood  from  a  rabbit  using  heparin  and  minerr 

oil.  Transfer  5  ml.  of  blood  to  a  25  ml.  Erlenmeyer  flask  under  oil. 

2  Add  to  this  blood  a  small  volume  (0.1  to  0.5  ml.)  of  the  radioactiv 
phosphate  solution  containing  100,000  to  500,000  counts  per  minute.  Th 
actual  activity  will  depend  on  the  nature  of  the  counting  device;  dipping  tub 
for  solutions,  mica  end-window  tube  for  plated  solids  or  a  flow  gas  counte 
for  greatest  efficiency  of  counting. 
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3.  Add  the  same  volume  of  radioactive  solution  to  another  5  ml.  samp 

of  blood  in  another  flask.  This  will  serve  as  a  control. 

4.  At  30,  60,  90  and  120  minutes,  remove  0.1  ml.  of  blood  under  oil  from 
the  paraffin  lined  flask  which  is  kept  gently  shaking  throughout  the  incubal  ion 
period.  Add  each  sample  to  a  graduated  centrifuge  tube  containing  10  ml.  ot 
0.9  per  cent  saline  under  oil.  Mix  and  centrifuge.  Remove  the  supernatant 
fluid  by  means  of  a  capillary  tube  connected  to  the  suction  pump  with  a  large 
flask  as  a  trap.  Add  10  ml.  of  fresh  saline  to  the  cells,  stopper,  invert  several 

times  and  centrifuge  again.  Repeat  twice  again. 

5.  After  the  final  centrifugation,  add  water  to  the  cells  up  to  a  volume  of 
2  ml.  Shake  to  get  a  uniform  solution.  Withdraw  aliquots  of  1  ml.  into 
metal  planchets.  Add  1-2  drops  of  a  detergent  solution  (Vel)  and  dry  under 


an  infra-red  lamp. 

6.  Withdraw  0.1  ml.  of  the  well-mixed  control  sample  to  a  planchet  and 
treat  as  above. 

7.  Measure  the  radioactivity  of  each  sample. 

8.  Calculate  and  plot  a  graph  to  illustrate  the  extent  and  rate  of  incor¬ 
poration  of  inorganic  phosphate  into  red  cells. 


(а)  What  errors  are  involved  in  this  determination? 

(б)  How  could  these  be  overcome? 

(c)  In  what  respect  is  this  method  superior  to  the  alternate  method 
using  added  inorganic  phosphate  in  amounts  which  will  allow  the  chemical 
determination  of  differences? 


Vitamins 
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Experiment  1.  Bioassay.  Effect  of  Lack  of  Vitamin  A  on  Growth 
This  experiment  is  designed  to  acquaint  the  student  with  the  fundamentals  o 
animal-feeding  experiments.  Many  variations  are  possible  and  may  be  fount 
in  the  biochemical  literature. 

This  experiment  will  be  carried  out  cooperatively  by  a  class  of  abou 
fifteen  students  during  the  course  of  a  semester’s  work  in  general  bio 
chemistry.  The  class  is  divided  into  three  groups;  one  is  on  duty  on  Monday 
another  on  Wednesday  and  the  third  on  Friday.  Each  group  is  responsible 
for  feeding  and  weighing  the  rats  and  cleaning  their  cages. 

The  basal  diet,  lacking  in  Vitamin  A,  can  be  prepared  according  to  variou: 
formulae  such  as  the  U.S.P.,  or  may  be  conveniently  purchased  from  the 
General  Biochemicals,  Inc.,  Chagrin  Falls,  Ohio.  Rats  weighing  approximately 
40  gm.  are  separated  into  two  groups  of  six  rats  each.  Group  A  receives  the 
basal  diet  and  water  ad  lib.  Group  B  receives  the  same  as  group  A  plus  S 
drops  cod  liver  oil  orally  administered  by  a  medicine  dropper.  The  average 
weight  of  each  group  of  animals  is  plotted  against  the  days  of  the  duratioi 
of  the  experiment. 

When  the  growth  of  rats  in  group  A  has  slowed  down  to  practically  a  halt 
eye  symptoms  may  appear.  This^  period  corresponds  to  the  depletion  perioc 
of  the  stored  vitamin  A.  At  this  time  group  A  is  divided  into  two  groups  o 
three  rats  each,  group  A1  and  A2.  Group  A1  is  continued  as  before  and  wil 
die  after  a  period  of  decrease  of  weight.  Group  A 2  is  given  the  basal  diet 
hut  in  addition,  2  drops  of  a  solution  of  crystalline  beta  carotene  in  cotton 
seed  oil,  equivalent  to  5  micrograms  at  each  feeding.  Group  B  is  also  divider 
into  two  groups  of  three  rats  each;  B1  and  B2.  Group  B1  is  continued  a; 
before  with  cod  liver  oil  as  a  supplement,  whereas  group  B2  is  taken  off  th« 
cod  liver  oil  supplement.  After  a  suitable  length  of  time,  the  group  still  getting 
the  cod  liver  oil  will  pass  the  other  group  in  average  weight. 

(a)  Plot  your  results  graphically. 

( b )  Where  is  vitamin  A  stored? 

(c)  What  other  source  of  vitamin  A  could  be  used? 

( d)  What  variations  in  the  experiment  could  you  suggest? 

Experiment  2.  Chemical  Assay  of  Ascorbic  Acid.  Dilute  1.0  ml.  of  j 
standard  solution  of  ascorbic  acid  (1.0  mg.  per  ml.  of  metaphosphoric  acid 
acetic  acid  mixture)  with  10  ml.  of  the  metaphosphoric  acid-acetic  acid  mix 
ture  in  a  small  Erlenmeyer  flask  or  large  test  tube.  Titrate  with  a  solution  o 
2  6-dichlorphenol  indophenol  until  a  pink  color  is  obtained  which  persist 
for  5  seconds.  Compare  with  a  water  blank  to  which  has  been  added  1  droj 

of  the  indicator. 
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Determine  the  ascorbic  acid  content  of  fresh  orange  ju,c®>  *°zen  oranSe 
juice  (or  other  juices),  homogenates  (filtered)  of  apples  an(J  Iett^ 

Squeeze  the  juice  from  one-half  of  an  orange  and  strain  Mix  10  ml.  of  the 
juice  with  10  ml.  of  the  acid  mixture.  Titrate  with  the  indicator. 

For  frozen  orange  juice,  reconstitute  according  to  the  directions  on  the 
can.  For  apples  and  lettuce,  homogenize  in  a  Waring  blender  with  an  equal 
weight  of  the  acid  mixture,  filter  and  titrate  10  ml.  aliquots  as  above. 

Reagents.  See  Appendix,  p.  146. 


Chapter  16  Cuborutorig  Schedule  for  a 

fwo-Semester  Course  in 
SS  i  or  he  mis  trig 


The  following  schedules  represent  the  authors’  experience  with  college 
seniors  in  a  two-semester  course  in  general  biochemistry  in  the  department  of 
chemistry  at  The  City  College  of  New  York.  During  the  first  semester  the 
student  spends  4  consecutive  hours  per  week  in  the  laboratory  for  a  period  of 
about  15  weeks.  The  minimum  prerequisites  are:  one  year  general  college 
chemistry,  one-half  year  qualitative  analysis  and  one-half  year  organic 
chemistry.  During  the  second  semester  the  student  spends  5  consecutive  hours 
each  week  in  the  laboratory.  In  addition  to  the  prerequisites  listed  above  the 
student  will  have  taken  another  one-half  year  organic  chemistry,  and  one- 
half  year  quantitative  analysis.  Most  students  will  have  had  one  year  of 
physical  chemistry. 


FIRST  SEMESTER  BIOCHEMISTRY 

(Note:  For  the  quantitative  colorimetric  analyses,  the  students  will  use 
the  visual  colorimeters;  see  p.  67.) 

PERIOD  LABORATORY  ASSIGNMENT 

1  (a)  Check  equipment. 

( b )  Preparation  of  starch  from  potatoes.  Exp.  12,  p.  4. 
Save  starch  for  period  2. 

(c)  Tests  for  carbohydrates;  use  1  per  cent  solutions  of 
glucose,  fructose,  galactose,  maltose,  lactose,  sucrose 
and  starch: 

1.  Osazone.  Exp.  8,  p.  3. 

2.  Molisch.  Exp.  1,  p.  2. 

3.  Anthrone.  Exp.  2,  p.  2. 

4.  Iodine.  Exp.  10,  p.  4. 

5.  Benedict.  Exp.  4,  p.  2. 

6.  Seliwanoff.  Exp.  6,  p.  3. 

2  The  time-course  of  starch  hydrolysis.  Exp.  13,  p.  5. 

Use  the  starch  prepared  during  period  1.  Save  the  re¬ 
mainder  for  period  6. 

3.4  (a)  Separation  of  the  lipids  in  egg  yolk.  Exp.  1,  p.  11* 

Preserve  the  egg  white  with  a  few  drops  of  toluene 
in  the  refrigerator  for  period  5.  Perform  the 

following: 

( b )  Phospholipids.  Exp.  2,  p.  12. 

(c)  Glycerol.  Exp.  3,  p.  12. 
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LABORATORY  ASSIGNMENT 

( d )  Cholesterol.  Exp.  10,  p.  13. 

(e)  Test  for  P.  Exp.  12,  p.  13. 

(/)  Pancreatic  lipase.  Exp.  10,  p.  60. 

(а)  Preparation  of  casein  from  milk.  Exp.  2,  p.  52. 

(б)  Hydrolysis  of  casein.  Exp.  28,  p.  29.  (Continue  at 

period  6.) 

(c)  Preparation  of  tyrosine  by  enzymatic  hydrolysis  of 
casein.  Exp.  25,  p.  26.  (Continue  to  period  6.) 

( d )  Determination  of  the  protein  content  of  egg  white. 
Exp.  29,  p.  29. 

(e)  Protein  tests;  use  the  casein  which  you  prepared  as 
well  as  the  egg  white: 

1.  Millon’s.  Exp.  1,  p.  18. 

2.  Hopkins-Cole.  Exp.  3,  p.  19. 

3.  Biuret.  Exp.  4,  p.  19. 

4.  Ninhydrin.  Exp.  5,  p.  19. 

(а)  Isolation  of  tyrosine  from  casein  hydrolysate.  Con¬ 
tinue  Exp.  25,  p.  26. 

(б)  Determination  of  tyrosine  in  casein  hydrolysate. 
Exp.  28,  p.  29. 

(c)  Dialysis  of  colloids  and  crystalloids;  dialyze  a  solu¬ 
tion  of  a  mixture  of  casein,  glucose,  glycine,  sodium 
chloride  and  starch  against  distilled  water.  Test  the 
outside  solution  for  each  of  the  compounds. 

( d )  Cysteine.  Exp.  7,  p.  19. 

(e)  Cystine.  Exp.  6,  p.  19. 

(/)  Conversion  of  cystine  to  cysteine.  Exp.  8,  p.  20. 

(a)  Preparation  and  tests  of  ribose  nucleic  acid  from 
yeast.  Exp.  27,  p.  28. 

( b )  Finish  isolation  of  tyrosine.  Exp.  25,  p.  26. 

(c)  Buffers.  Exp.  22,  p.  25. 

(d)  Test  for  N  and  P  in  casein.  Exp.  12,  p.  13,  and  Exp. 
18,  p.  24. 

(а)  Formol  titration.  Exp.  31,  p.  31. 

(б)  Donnan  membrane  equilibrium.  Exp.  21,  p.  24. 

(c)  Demonstration  of  trypsin  activity.  Exp.  5,  p.  59. 

(а)  Paper  chromatography  of  amino  acids.  Exp.  10 

p.  20. 

(б)  Estimation  of  pepsin  activity.  Exp.  9,  p.  42. 

(c)  Denaturation  and  coagulation.  Exp.  16,  p.  23. 

^x^ase  activity  of  milk.  Exp.  6,  p.  40. 

(6)  Catalase  activity.  Exp.  8,  p.  42. 

(c)  Effect  of  calcium  on  milk  clotting.  Exp.  6,  p.  53. 

(a)  Preparation  of  hemin.  Exp.  2,  p.  64. 
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PERIOD  LABORATORY  ASSIGNMENT 

( b )  Benzidine  test  for  blood.  Exp.  3,  p.  64. 

(c)  Spectroscopic  examination  of  blood.  Exp.  7,  p.  65. 

( d )  Determination  of  hemoglobin  (iron)  in  blood.  Exps. 
20,  pp.  121-123. 

12  (a)  Determination  of  non-protein  nitrogen  (NPN)  in 

blood.  Exp.  2,  p.  80. 

( b )  Determination  of  serum  alkaline  phosphatase.  Exp. 

14,  p.  104. 

Note:  for  period  13,  bring  with  you  a  24-hour  urine 
specimen.  Exp.  19,  p.  133. 

13  ( a )  Determination  of  creatinine  in  urine.  Exp.  22,  p.  134. 

( b )  Determination  of  phosphate  in  urine.  Exp.  21,  p.  134. 

(c)  Determination  of  chlorides  in  urine.  Exp.  23,  p.  135j 

14  (a)  Determination  of  the  ascorbic  acid  content  of  foods. 

Exp.  2,  p.  140. 

( b )  Yeast  fermentation  (glycolysis).  Exp.  10,  p.  44. 

15  Wash  and  dry  glassware;  check  equipment. 

Note:  During  the  course  of  this  semester  the  students 
take  part  in  a  cooperative  experiment  illustrating 
the  effect  of  vitamin  A  deficiency  in  rats.  Exp.  1. 
p.  140. 

SECOND  SEMESTER  BIOCHEMISTRY 

Because  of  the  fact  that  the  experiments  performed  during  this  semester 
require  some  specialized  and  costly  equipment,  the  class  is  divided  intc 
groups  of  2,  3  or  4  students  who  work  as  a  team  on  the  same  experiment. 
Each  student  will  do  his  own  work  except  where  advised  otherwise.  Thus 
on  any  one  day,  several  different  experiments  will  be  going  on  in  the 
laboratory.  The  laboratory  is  provided  with  2  rabbits  and  12  rats;  the 
rabbits  are  used  for  blood  samples  and  the  rats  for  tissue  samples.  For 
colorimetric  analyses  students  will  use  photocolorimeters. 

LABORATORY  ASSIGNMENT 
Check  equipment. 

Determination  of  plasma  phosphate.  Exp.  13,  p.  102.  L>ur 
ing  this  experiment  the  students  will  learn  to  operate  al 
types  of  colorimeters  in  the  laboratory  (see  pp.  70-76) . 

Determination  of  calcium  in  plasma.  Exp.  15,  p.  106 

Determination  of  carbon  dioxide  capacity  of  plasma 

Exp.  17,  p.  HI*  ....  j  r 

Determination  of  oxygen  capacity  of  whole  blood.  Exp 

18,  p.  115. 

Formol  titration  of  an  amino  acid  using  the  glass  elec 
trode.  Exps.  33,  34,  pp.  34-37. 
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for  all) 

B 

C 


D 


PERIOD 

E 

F 

G 

H 

I 
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K 

L 
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N 

0  (last  period 
for  all) 
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LABORATORY  ASSIGNMENT 

Glycogen  content  of  rat  liver;  fed  vs.  fasted  rats.  Exp. 
5  p  138  and  Exp.  4,  p.  85.  Remove  food  (not  water) 
from  rat  to  be  fasted  18-24  hrs.  before  the  experiment. 

Effect  of  insulin  on  blood  glucose  in  the  rabbit.  Exp.  1, 
p.  137,  Exp.  5,  p.  87. 

Effect  of  epinephrine  on  blood  glucose  in  the  rabbit. 
Exp.  2,  p.  137,  Exp.  6,  p.  88. 

Blood  level  of  free  and  conjugated  sulfadiazine  in  the 
rabbit.  Exp.  3,  p.  137. 

Absorption  spectra  of  hemoglobin  and  its  derivatives. 
Exp.  1,  p.  76. 

Penetration  of  inorganic  phosphate  (P32)  into  the  rabbit 
red  cell.  Exp.  6,  p.  138. 

Respiration  of  rat  liver  slices  in  the  Barcroft- Warburg 
apparatus.  Exp.  11,  p.  45. 

Nonprotein  nitrogen  of  rabbit  blood  by  the  micro 
Kjeldahl  procedure.  Exp.  3,  p.  82. 

Total  protein,  albumin  and  globulin  in  rabbit  plasma. 
Exps.  21,  22,  pp.  123-126. 

Separation  of  carotenoids  by  chromatographic  adsorp¬ 
tion.  Exp.  15,  p.  16. 

Wash  and  dry  apparatus;  check  equipment. 


A  vpendix 


PREPARATION  OF  STANDARD  ACID  AND  ALKALI 

Hydrochloric  Acid,  approximately  0.1  N.  Dilute  8.5  ml.  of  concentrate* 
hydrochloric  acid  to  1  liter  with  distilled  water  in  a  volumetric  flask.  Inver: 
several  times  and  transfer  to  a  clean,  dry  bottle. 

Dry  approximately  5  gm.  of  pure  anhydrous  sodium  carbonate  on  a  watcl 
glass  in  the  oven  at  110°C.  for  an  hour. 

Accurately  weigh  two  charges  of  approximately  0.24  gm.  of  the  dry  sodiun 
carbonate,  and  transfer  quantitatively  to  a  100  ml.  beaker.  Add  20  ml.  o 
water  in  order  to  dissolve  the  carbonate. 

Fill  a  clean,  dry  burette  with  the  hydrochloric  acid  solution  and  titrate  th 
carbonate  solutions,  using  1  drop  of  methyl  red  solution  as  an  indicator.  Jus 
before  the  end  point  is  reached,  boil  the  solution  to  expel  the  carbon  dioxide 
and  finish  the  titration  when  the  solution  is  cool. 

Calculate  the  exact  normality  of  the  hydrochloric  acid  solution  and  labe 
the  solution  appropriately. 

Sodium  Hydroxide ,  approximately  0.1  N.  Prepare  a  saturated  solution  o 
sodium  hydroxide  and  allow  to  stand  for  several  days  so  that  the  sodiun 
carbonate  settles. 

By  means  of  a  pipette,  withdraw  5.3  ml.  of  the  clear  supernatant  liquid  an< 
transfer  to  a  1  liter  rubber-stoppered  bottle.  Dilute  to  approximately  1  lite 
with  distilled  water. 

Using  a  pipette,  transfer  20  ml.  portions  of  the  standard  hydrochloric  aci« 
to  150  ml.  beakers.  Add  25  ml.  of  water  and  1  drop  of  phenolphthalein  solu 
tion  to  each.  Titrate  with  the  sodium  hydroxide  solution  to  a  faint  pink  color 

Calculate  the  normality  of  the  sodium  hydroxide  solution  and  label  th 

bottle  accordingly. 


APPROXIMATE  CONCENTRATIONS  OF  LABORATORY  REAGENTS 


Acetic  acid,  glacial . • 

Ammonium  hydroxide,  concentrated 
Hydrochloric  acid,  concentrated 

Nitric  acid,  concentrated  . 

Sulfuric  acid,  concentrated . 


17  M 

18  M 
12  M 
15  M 
18  M 


SOLUTIONS  AND  REAGENTS 

Acetic  Acid  5  M,  2  M,  1  M,  0.1  M,  0.01  M.  Dilute  294  ml  117  Jtl 
8  ml.,  5.8  ml.  and  0.58  ml.  of  glacial  acetic  acid  to  1  liter  with  water 

btain  each  solution. 


146 


109 
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Acetate  Buffer,  1  M,  pH  4.7.  Add  91  ml.  of  1  M  acetic  acid  solution  to 
..9  ml.  of  1  M  sodium  acetate  solution.  Check  with  a  pH  meter  if  aval 
and  adjust  with  the  appropriate  solution  if  necessary. 

Albumin-1  odoeosin  Powder.  Separate  the  white  of  an  egg  from  the  yolk. 
Dilute  the  egg  white  four  times  with  water  and  add  the  lodoeosin  m  t  e 
form  of  a  finely  ground  suspension  in  a  few  milliliters  of  water.  Heat  t  le 
mixture  to  80°  to  90  °C.  with  stirring  to  coagulate  the  protein.  The  colored 
coagulum  is  filtered  by  suction  and  air-dried  on  a  porous  plate  overnight. 
The° material  is  powdered  and  washed  by  shaking  several  times  with  0.3  per 
cent  hydrochloric  acid  solution  and  filtering.  Wash  with  water  and  dry. 
Grind  to  a  fine  powder. 

Ammonium  Molybdate.  Dissolve  100  gm.  of  molybdic  acid  in  144  ml. 
of  concentrated  ammonium  hydroxide  and  271  ml.  of  water.  Slowly,  and  with 
constant  stirring,  pour  the  solution  thus  obtained  into  489  ml.  of  concentrated 
nitric  acid  and  1148  ml.  of  water.  Store  in  a  glass-stoppered  bottle. 

Ammonium  Oxalate ,  0.2  M.  Dissolve  28.4  gm.  of  ammonium  oxalate 
monohydrate,  in  water  to  make  1  liter  of  solution. 

Ammonium  Sulfate ,  Saturated.  Add  about  77  gm.  of  ammonium  sulfate 

to  100  ml.  of  water  and  shake. 

Amyl  Alcohol-Hydrochloric  Acid  Mixture  for  the  Babcock  Determination. 
Mix  equal  volumes  of  concentrated  hydrochloric  acid  and  amyl  alcohol. 

Anthrone  Reagent ,  0.2  per  cent.  Add  0.2  gm.  of  anthrone  to  100  ml.  of 
concentrated  sulfuric  acid  and  shake.  The  solution  should  be  freshly  prepared. 

(For  preparation  of  anthrone,  see  Organic  Syntheses,  Collective  Volume  I, 

p.  60,  N.Y.  1941.) 

Arsenious  Acid,  0.1  M.  Dissolve  19.7  gm.  of  arsenious  oxide  in  100  ml. 
of  5  M  sodium  hydroxide  solution.  Add  2  M  hydrochloric  acid  solution  until 
the  red  color  of  phenolphthalein  in  the  solution  is  just  discharged.  Dilute,  to 
1  liter  with  water. 

Barfoed  s  Reagent.  Dissolve  13.3  gm.  of  crystallized  copper  acetate  in 
200  ml.  of  water.  Filter,  if  necessary,  and  add  1.9  ml.  of  glacial  acetic  acid. 

Barium  Chloride,  0.5  M.  Dissolve  104  gm.  of  barium  chloride  in  water 
to  make  1  liter. 

Barium  Hydroxide,  saturated  solution.  Add  about  40  gm.  of  barium 
hydroxide  to  1  liter  of  water  and  shake. 

Benedict’s  Qualitative  Reagent.  Dissolve  173  gm.  of  crystalline  sodium 
citrate  and  100  gm.  of  anhydrous  sodium  carbonate  in  about  800  ml.  of  water 
Stir  thoroughly  and  filter.  Add  to  the  filtered  solution  17.3  gm  of  copper 
sulfate  dissolved  in  100  ml.  of  water.  Make  up  to  1  liter  with  distilled  water. 

Benzidine,  saturated  solution.  Dissolve  enough  benzidine  in  glacial 
acetic  acid  to  make  a  saturated  solution. 

Biuret  Reagent.  Prepare  two  solutions:  (a)  0.01  M  copper  sulfate. 

tssolve  ^S  pn.  of  copper  sulfate  in  1  liter  of  water.  (6)  10  M  sodium 

make0  up  to  uTten6  8“‘  °*  8°diUm  hydr°xide  in  "Bdrtt  water,  and 

fin,  Sri81  "  iori°  “ij  '■  *»  ->•  •< 

Bromphenol  Blue,  0.04  per  cent.  Grind  0.1  gm.  0f  the  dry  powder  in  a 
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mortar  with  14.9  ml.  of  0.01  M  sodium  hydroxide.  Dilute  to  250  ml.  witl 
distilled  water. 

Bromthymol  Blue ,  0.04  per  cent.  Grind.0.1  gm.  of  the  dry  powder  in  ; 
mortar  with  16  ml.  of  0.01  M  sodium  hydroxide.  Dilute  to  250  ml.  witl 
distilled  water. 

Bromide  Water ,  saturated  solution.  Shake  100  ml.  of  water  with  liquid 

bromine  until  no  more  bromine  dissolves. 

Buffer  Solutions  (from  pH  5.3  to  8).  Prepare  the  following  solutions- 
(a)  Disodium  hydrogen  phosphate,  M/15.  Dissolve  23.88  gm.  o 
Na2HP04.12H20  in  water  to  make  1  liter  of  solution.  ( b )  Potassium  dihy 
drogen  phosphate,  M/15.  Dissolve  9.08  gm.  of  KH2P04  in  water  to  mak< 
1  liter  of  solution. 


BUFFER  SOLUTIONS 


A.  Phosphate  Buffers: 


M/ 15  Na2HPO* 

M/ 15  KHaPO* 

pH 

Ml. 

Ml. 

5.4 . 

.  3.0 

97.0 

5.6 . 

.  5.0 

95.0 

5.8 . 

.  7.8 

92.2 

6.0 . 

.  12.0 

88.0 

6.2 . 

.  18.5 

81.5 

6.4 . 

.  26.5 

73.5 

6.6 . 

.  37.5 

62.5 

6.8 . 

.  50.0 

50.0 

7.0 . 

.  61.1 

38.9 

7.2 . 

.  71.5 

28.5 

74  . 

.  80.4 

19.6 

76  . 

.  86.8 

13.2 

7  R  . 

.  91.4 

8.6 

fi  0  . 

.  94.5 

5.5 

Acetate  Buffers: 

Ml.  0.2  M  Sodium 

Ml.  0.2  M  Acetic 

pH 

x  6  . . 

Acetate 

Acid 

.  15 

185 

X  Q  . 

.  24 

176 

'40  . 

164 

4  2  . 

.  53 

147 

4  4  . 

.  74 

126 

4  6  . 

.  98 

102 

4  Q  . 

.  120 

80 

0  . 

.  141 

59 

*7  . 

.  158 

42 

.  171 

29 

.  181 

19 

Cadmium  Chloride,  alcoholic.  Prepare  a  saturated  solution  of  cadmiun 

chloride  in  95  per  cent  ethyl  alcohol.  .  . .  . 

Calcium  Chloride ,  0.5  M.  Dissolve  55.5  gm.  of  dry  calcium  chloride  u 

^rqtpr  to  make  1  liter  of  solution. 

Catechol,  0.2  per  cent.  Dissolve  0.2  gm.  of  catechol  in  100  ml.  of  water 
Copper  Sulfate  Solution,  0.01  M.  Dissolve  0.25  gm.  of  the  salt  (blu 

vitriol)  in  100  ml.  of  water. 
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2,6,-Dichlorphenol  Iniophenol.  84  mg.  of  sodium  bicarbonate  and 
104  mg.  of  the  sodimn  salt  of  the  indicator  are  dissolved  in  200  ml.  water. 

Filter  if  necessary  and  store  im  refrigerator.  rv  l  1  ^  nf 

Digitonin  Solution,  1  per  cent  in  80  per  cent  alcohol.  Dissolve  1  gin.  of 

digitonin  in  85  ml.  of  95  per  cent  alcohol.  Add  15  ml.  of  water  and  mix 
It  may  be  necessary  to  filter  the  solution  before  use. 

2,4  Dinitrophenylhydrazine  Solution,  saturated  m2  /V  HU.  Heat  o 
the  steam  bath  1  gm.  of  the  compound  in  100  ml.  of  2  N  hydrochloric  acid 

until  it  is  all  dissolved.  Cool  and  filter  befoie  use. 

Ehrlich’s  Diazo  Reagent.  Prepare  two  solutions  and  keep  separate  until 
needed;  (a)  0.5  per  cent  solution  of  sodium  nitrite  in  water  (0.5  gm.  per  100 
ml.  of  water),  and  (6)  add  0.5  gm.  of  sulfanilic  acid  and  5  ml.  of  concen¬ 
trated  hydrochloric  acid  to  100  ml.  of  water.  Mix  just  before  use  in  the  pro¬ 
portion  of  1  part  ( a )  to  50  parts  (6). 

Ferric  Chloride,  0.1  M.  Dissolve  27  gm.  of  hydrated  ferric  chloride  in 
water  to  make  1  liter  of  solution. 

Folin  Phenol  Reagent.  Reflux  a  mixture  of  100  gm.  sodium  tungstate, 
25  gm.  sodium  molybdate,  700  ml.  water,  50  ml.  of  85  per  cent  phosphoric 
acid  and  100  ml.  of  concentrated  HC1  for  10  hours.  Add  150  gm.  lithium 
sulfate,  50  ml.  water  and  3  drops  of  bromine.  Boil  until  the  excess  bromine 
is  removed.  Cool.  Dilute  to  one  liter  with  water  and  filter.  Store  in  a  brown 
bottle. 

F ormaldehyde,  0.5  per  cent.  Dilute  10  ml.  of  approximately  40  per 
cent  formaldehyde  solution  with  800  ml.  of  water.  Adjust  the  pH  to  7. 

Fructose,  1  per  cent.  Dissolve  10  gm.  of  fructose  in  1  liter  of  water. 
Preserve  with  toluene. 

“F usion  Mixture  ”  Mix  intimately  3  parts  of  anhydrous  sodium  car¬ 

bonate  with  2  parts  of  potassium  nitrate. 

Galactose  Solution,  1  per  cent.  Dissolve  10  gm.  of  galactose  in  1  liter 
of  water.  Preserve  with  toluene. 

Gelatin  Solution,  2  per  cent.  Warm  100  ml.  of  water  to  65°  to  70°C. 

and  dissolve  2  gm.  of  gelatin.  Keep  at  room  temperature,  but  not  lower; 
otherwise  it  gels. 

Glucose  Solution,  1  per  cent.  Dissolve  10  gm.  of  glucose  in  1  liter  of 
water.  Preserve  with  toluene.  • 

Hophins-Cole.  Reagent.  Place  10  gm.  of  powdered  magnesium  in  a  large 
Erlenmeyer  flask.  Add  distilled  water  until  the  magnesium  is  liberally  cov¬ 
ered.  Slowly  pour  250  ml.  of  a  cold  saturated  solution  of  oxalic  acid  into  the 
flask,  shaking  all  the  while  (cool  under  running  water,  if  necessary).  Filter 
Just  acidify  the  filtrate  with  acetic  acid  and  dilute  to  1  liter 

M'  Add  1  Pan  °f  COncentrated  hydrochloric  acid  to 

of  wateT  ST  °'01  j-  Diss°!ve  10  8”-  of  P°tassium  iodide  in  1  liter 
ot  water.  Add  2.5  gm.  of  iodine  to  this  solution  and  stir 

LET-  Di“*'  1“°” » 1  ii»  °< 

Lead  Acetate  Solution,  0.2  M.  Dissolve  7^  t  1  i 

acetate,  Pb(C2H302)2.3H20,  in  water  to  make  1  liter  oTs^luIiom 
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Lead  Nitrate  Solution ,  0.5  M.  Dissolve  16.5  gra.  of  lead  nitrate  in  10C 
ml.  of  water. 

•  Magnesia  Mixture.  Dissolve  175  gm.  of  hydrated  magnesium  sulfate 
and  350  gm.  of  ammonium  chloride  in  1400  ml.  of  distilled  water.  Add  795 
ml.  of  concentrated  ammonium  hydroxide,  mix  thoroughly,  and  store  in  a 
stoppered  bottle. 

Maltose  Solution ,  1  per  cent.  Dissolve  10  gm.  of  maltose  in  1  liter  oi 
water.  Preserve  with  toluene. 

Mercuric  Chloride ,  0.2  M.  Dissolve  54.3  gm.  of  mercuric  chloride  in 
water  to  make  1  liter  of  solution. 

Mercuric  Sulfate ,  10  per  cent  in  M  sulfuric  acid.  Dissolve  10  gm.  oi 
mercuric  sulfate  in  100  ml.  of  M  sulfuric  acid. 

Metaphosphoric- Acetic  Acid  Mixture.  Mix  40  ml.  glacial  acetic  acid 
with  450  ml.  water.  Dissolve  15  gm.  metaphosphoric  acid  in  this  mixture; 
Filter  and  refrigerate. 

Methyl  Red  Solution,  0.5  per  cent.  Dissolve  0.5  gm.  of  methyl  red  in 
100  ml.  of  95  per  cent  ethyl  alcohol. 

Methylene  Blue-Methyl  Red  Mixed  Indicator.  This  solution  consists  oi 
1  part  of  0.2  per  cent  methyl  red  in  alcohol  and  1  part  of  0.1  per  cent 
methylene  blue  in  alcohol.  The  pH  change  is  at  5.4.  The  color  is  green  in 
alkaline  solution  (pH  5.6),  colorless  at  pH  5.4  (end  point)  and  reddish-pink 
in  acid  solution  (pH  5.2). 

Methylene  Blue,  0.02  per  cent.  Dissolve  0.2  gm.  of  “certified”  methylene 
blue  in  1  liter  of  water. 

Millons  Reagent.  Dissolve  10  gm.  of  mercury  in  20  ml.  of  concentrateo 
nitric  acid.  When  solution  is  complete  and  the  brown  fumes  cease  to  be 
evolved,  dilute  with  60  ml.  of  water.  Decant  the  supernatant  liquid  and  store 
in  a  glass-stoppered  bottle. 

Molisch  Reagent.  Dissolve  10  gm.  of  a-naphthol  in  100  ml.  of  95  pei 
cent  ethyl  alcohol. 

Molybdate  Solution.  See  Ammonium  molybdate. 

Ninhydrin  (triketo-hydrindene  hydrate) ,  0.1  per  cent.  Dissolve  0.1  gm 

of  the  solid  in  100  ml.  of  water.  . 

Obermayer’s  Reagent.  Dissolve  3  gm.  of  feme  chloride  in  1  liter  oi 

concentrated  hydrochloric  acid. 

Oxalic  Acid,  0.5  M.  Dissolve  63  gm.  of  the  dihydrate  in  water  to  mak« 


1  liter  of  solution.  .  . .  , 

Pepsin  Solution,  0.1  per  cent.  Grind  1  gm.  of  pepsin  with  50  ml.  o 

water  in  a  mortar  until  it  is  a  thin  paste  Dilute  to  1  liter  with  water 

Pepsin  Solution,  0.2  per  cent,  in  0.1  M  hydrochloric  acid.  Add  0.2  gm 
of  pepsin  to  100  ml.  of  0.1  M  hydrochloric  acid,  and  stir. 


pH  RANGES  OF  COMMON  INDICATORS 


Name 

pH  Range 

.  0.2-  1.8 

Color  Change 
Red- Yellow 

ticsoi  rcu  •  •  • . 

1.2-  2.8 

Red-Yellow 

Acid  meta  cresoi  purpic . 

_  1.2-  2.8 

Red -Yellow 

Benzo  yellow . 

.  .  .  2.4-  4.0 

Red-Yellow 
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Name 

pH  Range 
.  3.8-  5.4 

Color  Change 
Yellow-Blue 

.  3.0-  4.6 

Yellow-Blue 

r>i  ompnenoi  L/iuc  •  •  . . 

.  .  .  4.4-  6.0 

Red-Yellow 

5.2-  6.8 

Yellow-Red 

.  5.2-  6.8 

Yellow-Purple 

momcrcbui  . 

.  6.0-  7.6 

Yellow-Blue 

.  6.8-  8.4 

Yellow-Red 

.  7.2-  8.8 

Yellow-Red 

Meta  cresol  purple . 

Thymol  blue . 

Phthalein  red . 

Tolyl  red . 

Parazo  orange  . 

Acyl  blue . 

.  7.6-  9.2 

.  8.0-  9.6 

.  8.6-10.2 

.  10.0-11.6 

.  11.0-12.6 

.  12.0-13.6 

Yellow-Purple 

Yellow-Blue 

Yellow-Red 

Red-Yellow 

Yellow-Orange 

Red-Blue 

Phenol  Red ,  0.04  per  cent.  Grind  0.1  gm.  of  the  dry  powder  in  a  mortar 
with  28.2  ml.  of  0.01  M  sodium  hydroxide.  Dilute  to  250  ml.  with  distilled 


water. 

Phenolphthalein  Solution ,  0.5  per  cent  in  alcohol.  Dissolve  0.5  gm.  of 
phenolphthalein  in  100  ml.  of  95  per  cent  alcohol. 

Plienylhydrazine  Mixture.  Add  2  gm.  of  phenylhydrazine  hydro¬ 
chloride  to  30  ml.  of  water  and  stir  for  several  minutes;  filter.  If  the  com¬ 
pound  is  pure  it  will  dissolve  completely.  Add  3  gm.  of  anhydrous  sodium 
acetate  and  mix  well.  (Caution!  Phenylhydrazine  is  poisonous.  Avoid  con¬ 
tact  with  skin ! ) 

Phosphotungstic  Acid.  Dissolve  100  gm.  of  sodium  tungstate  and  70 
gm.  of  disodium  phosphate  in  500  ml.  of  water.  Add  nitric  acid  to  an  acid 
reaction. 

Picric  Acid ,  saturated  solution.  Dissolve  1.2  gm.  of  the  solid  in  100  ml. 
of  Avater,  or  alloAV  distilled  water  to  stand  in  contact  with  an  excess  of  picric 
acid. 


Potassium  Chloride ,  M/ 1 5,  in  glacial  acetic  acid.  Dissolve  0.1  gm.  of 
potassium  chloride  in  100  ml.  of  glacial  acetic  acid. 

Potassium  Ferrocyanide,  0.2  M.  Dissolve  84.5  gm.  of  the  trihydrate  in 
water  to  make  1  liter  of  solution. 


Potassium  Hydroxide ,  10  per  cent  alcoholic  solution.  Dissolve  10  <nn. 
of  potassium  hydroxide  in  100  ml.  of  95  per  cent  alcohol. 

Potassium  Iodide  Solution ,  15  per  cent.  Dissolve  15  gm.  of  potassium 
iodide  in  water  to  make  100  ml.  of  solution. 


Preservative  Solution.  Dissolve  1  gm.  of  thymol  in  100  ml.  of  toluene 
Pyrophosphate  Solution  0.1  M ,  pH  8.3.  To  200  ml.  of  9  per  cent 
sodium  pyrophosphate  solution  add  16  ml.  of  1  N  hydrochloric  acid  and 
ddute  to  400  ml.  with  water.  Check  the  pH  with  a  pH  meter  if  one  is  avail- 


RenninSohtioa,  0.1  per  cent.  Grind  1  gm.  of  rennin  preparation  with 

water  ForThl'l  “  ‘  "7*7  "  *  "  3  Paste'  Dilute  1  with 

water.  For  the  1  per  cent  solution  use  10  gm.  of  rennin. 

Selmanoff  s  Reagent.  Dissolve  0.05  gm.  of  resorcinol  in  100  ml  of 

wit“h  2  parSwaLT  ^  *  C°"Centrated  hydrochloric  acid  diluted 


152  Laboratory  Manual  of  Biochemistry 


Silver  Nitrate,  0.1  M.  Dissolve  17  gm.  of  silver  nitrate  in  water  to 
make  1  liter  of  solution. 

Sodium  Alizarin  Sulfonate.  Dissolve  1  gm.  in  100  ml.  of  water. 

Sodium  Bicarbonate,  5  per  cent.  Fifty  grams  of  the  salt  dissolved  in  11 
liter  of  water. 

Sodium  Carbonate,  saturated  solution.  Add  238  gm.  of  the  decahydrate 
to  100  ml.  of  water  and  stir. 

Sodium  Carbonate,  1  M.  Dissolve  286.2  gm.  of  the  decahydrate  or  106 
gm.  of  the  anhydrous  salt  in  water,  and  dilute  to  1  liter. 

Sodium  Chloride,  isotonic  solution.  Dissolve  0.9  gm.  of  sodium  chloride 
in  100  ml.  of  water. 

Sodium  Chloride,  saturated  solution.  Add  approximately  37  gm.  to  100 
ml.  of  water.  If  not  saturated,  continue  the  addition  of  the  sodium  chloride. 

Sodium  Chloride,  1.75  M.  Dissolve  10.2  gm.  of  sodium  chloride  in 
water  to  make  100  ml.  of  solution. 

Sodium  Chloride,  0.1  M  solution.  Dissolve  5.85  gm.  in  water  to  make  1 
liter  of  solution. 

Sodium  Hydroxide,  saturated  solution.  Add  in  small  portions  about 
100  gm.  of  good  quality  sodium  hydroxide  to  100  ml.  of  distilled  water  in  an 
Erlenmeyer  flask.  Stopper,  and  allow  to  stand  for  a  few  days  or  until  the 
sodium  carbonate  settles  to  the  bottom,  leaving  a  clear  solution  of  sodium 
hydroxide,  practically  carbonate-free.  This  solution  contains  about  50  gm.  of 
sodium  hydroxide  per  100  ml.  (approximately  50  per  cent  solution,  or  12.6 


M). 

Sodium  Hydroxide,  approximately  0.1  M.  Add  5.3  ml.  of  saturated 
sodium  hydroxide  solution  to  water  to  make  1  liter  of  solution. 

Sodium  Hydroxide,  1  M.  Dissolve  40  gm.  of  sodium  hydroxide  in  200 

ml.  of  water.  Dilute  to  1  liter  with  water. 

Sodium  Hydroxide,  2  M.  Dissolve  80  gm.  of  sodium  hydroxide  in 

enough  water  to  bring  the  volume  to  1  liter. 

Sodium  Nitrite,  1  M.  Dissolve  7  gm.  in  100  ml.  of  water. 

Sodium  Nitroprusside,  saturated  solution  in  methanol.  Saturate  100 
ml  of  methanol  with  powdered  sodium  nitroprusside. 

Sodium  Nitroprusside,  0.1  M.  Dissolve  30  gm.  of  sodium  nitroprusside 


in  water  to  1  liter. 

Starch,  1  per  cent.  Mix  1  gm.  of  soluble  starch  with  a  little  water,  stir, 

and  add  to  100  ml.  of  boiling  water. 

Stokes’  Reagent.  Add  2  gm.  of  ferrous  sulfate  and  3  gin.  of  tartaric 
acid  to  100  ml.  of  water.  Stir.  When  ready  for  use,  take  a  few  milliliters  in  at 
test  tube  and  add  concentrated  ammonia  water  drop  by  drop  until  the 

precipitate  which  first  forms  is  entirely  dissolved. 

Sucrose  Solution,  0.1  M.  Dissolve  34.2  gm.  in  water,  and  make  up  to 

1  liter.  Preserve  with  toluene.  .  _  AA  ,  , 

Sucrose  1  per  cent.  Dissolve  1  gm.  of  sucrose  in  100  ml.  of  water. 

Suljuri  ’c  Acid,  approximately  0.1  M.  Carefully  add  5.5  m  .  o  con- 
centrated  sulfuric  acid  to  water,  cool,  mix  thoroughly  and  dilute  to  1 
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Tannic  Acid,  10  per  cent.  Dissolve  10  gra.  of  tannic  acid  in  100  ml. 
of  water. 

Toluene-Thymol  Solution  (for  preserving  biological  solutions).  See 

Preservative  solution . 

Trichloracetic  Acid ,  30  per  cent.  Dissolve  300  gm.  of  trichloracetic  acid 
in  700  ml.  of  water.  Keep  the  solution  in  the  refrigerator. 

Urea ,  0.1  M.  Dissolve  6  gm.  of  urea  in  1  liter  of  water. 

Xanthydrol  Solution  in  Methyl  Alcohol  (approximately  10  per  cent). 
Suspend  10  gm.  of  xanthydrol  in  90  gm.  of  absolute  methyl  alcohol  (113 
ml.).  Shake  vigorously.  After  two  days  filter  through  dry  paper  into  a 
narrow-mouthed,  well-stoppered  amber  bottle.  (The  xanthydrol  may  be  pur¬ 
chased  from  Eastman  Kodak  Co.) 
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Acetate  buffer,  preparation  of,  147 
Acetic  acid  solution,  preparation  of,  146 
anhydride  in  cholesterol  determination, 

99 

Acetoacetic  acid  in  urine,  test  for,  131 
Acetone  bodies  in  urine,  test  for,  131 
Achromic  point  of  starch,  49,  50 
Acid  cresol  red,  pH  of,  150 
meta  cresol  purple,  pH  of,  151 
preparation  of  standard,  146 
Acids,  bile,  test  for,  62 
Acrolein  test  for  glycerol,  12 
Acyl  blue,  pH  of,  151 

Albumin-iodoeosin  powder,  preparation  of, 
147 

Albumin,  serum,  determination  of,  125 
Alcohol  in  bilirubin  determination,  127 
precipitation  of  proteins,  22,  23 
Alcoholic  potassium  hydroxide  solution, 
preparation  of,  15 

Alkali  in  nonprotein  nitrogen  determina¬ 
tion,  84 

standard,  preparation  of,  146 
Alkaline  copper  reagent  in  glucose  deter¬ 
mination,  90 

tartrate  solution  in  glucose  determina¬ 
tion,  86 

permanganate  in  amino  nitrogen  deter¬ 
minations,  34 

picrate  solution  in  creatinine  determina¬ 
tion,  95 

Alkaloidal  reagents,  precipitation  by,  in 
test  for  proteins,  22 

Alpha-amino  group,  ninhydrin  and,  18,  19 
Amino  acid,  titration  of,  34 
nitrogen  determination,  32 
in  proteins,  table  for  calculation  of,  33 
1 ,2,4-Aminonaphtholsulfonic  acid  in  phos¬ 
phorus  determination,  103 
Ammonia  in  urine,  determination  of,  133 
Ammonium  molybdate  solution  in  phos¬ 
phorus  determination,  103 
preparation  of,  147 
oxalate  solution,  preparation  of,  147 
sulfamate  reagent  in  sulfonamide  deter¬ 
mination,  102 

sulfate  solution  in  nonprotein  nitrogen 
determination,  82 
preparation  of,  147 


Amyl  alcohol-hydrochloric  acid  mixture, 
preparation  of,  147 
Amylase,  pancreatic,  test  for,  60 

salivary,  effect  of  compounds  on  bacterial 
activity,  50 

Animal  experiments,  137-139 
Anthrone  reagent,  preparation  of,  147 
test  for  carbohydrates,  146 
Antifoam  mixture  in  urea  nitrogen  deter¬ 
mination,  94 

Arsenious  acid,  preparation  of,  147 
Arsenomolybdate  reagent  in  glucose  deter¬ 
mination,  88 

Asymmetry,  potential,  35 
Atomic  weights,  (facing  title  page) 

Babcock  method  of  determination  of  fat,  54 
tube,  54 

Barfoed  test  for  carbohydrates,  3 
Barfoed’s  reagent,  preparation  of,  147 
Barium  chloride  solution,  preparation  of, 
147 

hydroxide  in  glucose  determination,  88 
saturated  solution,  preparation  of,  147 
Beer-Lambert  law,  66 
formula  of,  66 
Beer’s  law,  66 

formula  in,  66 

Benedict  test  for  carbohydrates,  2 
after  starch  hydrolysis,  5 
Benedict’s  qualitative  reagent,  preparation 
of,  147 

Benzidine  solution,  saturated,  preparation 
of,  147 

Benzidine  test  for  blood,  64 
Benzo  yellow,  pH  of,  150 
Benzoic  acid  reagent  in  glucose  determina¬ 
tion,  86 
Bile,  62-63 
acids,  test  for,  62 
effect  of,  on  action  of  lipase,  62 
on  surface  tension,  63 
in  urine,  test  for,  132 
pigments,  test  for,  62 
salts,  isolation  of,  63 
Bilirubin  determination,  126-127 
icterus  index  in,  126 
Biuret  in  urea,  formation  of,  129 
reagent,  preparation  of,  147 
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Biuret  in  urea,  formation  of — ( Continued ) 
test  for  fibrin  in  blood,  65 
for  proteins,  19 
peptide  bond  in,  18 
Blood,  64-65 

analyses,  animal  experiments,  137 
calcium  in,  determination  of,  106 
carbon  dioxide  capacity  of,  determina¬ 
tion  of,  111 

chlorides  in,  determination  of,  108 
cholesterol  in,  determination  of,  98 
esters  in,  determination  of,  99 
constituents,  determinations  of,  78-128 
tests  for,  64- 

creatinine  in,  determination  of,  95 
fibrin  in,  tests  for,  65 
filtrate,  protein-free,  preparation  of,  79 
glucose  in,  determination  of,  85,  87,  88 
effect  of  epinephrine  on,  137 
of  insulin  on,  137 
table  showing  amounts  of,  91 
hemin,  preparation  of,  64 
test  for,  64 

hemoglobin  in,  determination  of,  121 
in  urine,  test  for,  132 
nonprotein  nitrogen  in,  determination 
of,  80,  82 

pH  of,  determination  of,  34 
phosphorus,  inorganic,  in,  102 
serum  alkaline  phosphatase  in,  determi¬ 
nation  of,  104 

spectroscopic  examination  of,  65 
stains,  detection  of,  65 
sugar  tube,  Folin-Wu,  82 
sulfonamides  in,  determination  of,  100 
urea  in,  manometric  determination  of, 
116 

manometric  urease  method,  table  of, 
119 

nitrogen  in,  determination  of,  92 
apparatus  for,  93 
uric  acid  in,  determination  of,  96 
Bloor’s  mixture  in  cholesterol  determina¬ 
tion,  99 

Bodansky  unit  of  phosphatase  activity,  104 
Boric  acid  solution  in  nonprotein  nitrogen 
determination,  84 
preparation  of,  147 
Bromcresol  green,  pH  of,  151 
purple,  pH  of,  151 

Bromine  water,  saturated  solution,  prep¬ 
aration  of,  148 
Bromphenol  blue,  pH  of,  151 
solution,  preparation  of,  147 
Bromthymol  blue,  pH  of,  151 
Buffer  solutions,  preparation  of,  148 
Buffered  glycerophosphate  substrate  solu¬ 
tion,  105 
Buffers,  148 


Cadmium  chloride  solution,  alcoholic,  prep¬ 
aration  of,  148 

Calcium  chloride  solution,  preparation  of 
148 

clotting  of  milk  and,  53 
in  blood,  determination  of,  106 
Calibration  curve  in  graph  of  photoelectric 
colorimetry,  72 
Carbohydrates,  1-10 
Barfoed  test  for,  3 
Benedict  test  for,  2 
Molisch  test  for,  2 
phenylhydrazine  test  for,  3 
picric  acid  test  for,  2 

Carbon  dioxide  capacity  of  blood,  determi¬ 
nation  of,  111 
transfer  of  blood  in,  111 
combining  power  of  plasma,  table  for 
calculation  of,  114 
Carbonic  anhydrase,  test  for,  39 
Casein,  color  tests  on,  52 
isoelectric  point  of,  53 
preparation  of,  52 
Catalase  activity,  42 
Catechol  solution,  preparation  of,  148 
Centrifuge,  105,  106 
Cephalin,  hydrolysis  of,  12 
Chlorides  in  blood,  determination  of,  108 
in  urine,  135 

Chloroform  reagent  in  cholesterol  determi¬ 
nation,  99 

Chlorphenol  red,  pH  of,  151 
Cholesterol  in  blood,  determination  of,  98 
Bloor’s  mixture  in,  99 
digitonin  precipitation  of,  13 
esters  in  blood,  determination  of,  99 
preparation  of,  from  egg,  11 
Liebermann-Burchard  test  for,  13 
Salkowski  test  for,  13 
solution  in  chloroform,  in  cholesterol  de¬ 
termination,  99 
Chromatography,  16,  20 
Coagulation  test  for  proteins,  23 
Coefficient,  molar  extinction,  71 
Color  tests  on  casein,  52 
for  proteins,  18,  19 

Colorimeter,  double  photocell  photoelectric, 
73 

diagram  of,  74 
Duboscq,  67 
operation  of,  67,  69 
photoelectric,  diagram  of,  73 
sectional  view  of,  68 
use  of,  67 
Colorimetry,  66-77 
photoelectric,  70-77 

results  from,  diagrammatic  representa¬ 
tions  of,  72 
visual,  66-69 
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Concentrations  of  laboratory  reagents,  ap¬ 
proximate,  146 

Copper  reagents  in  glucose  determination, 
86,  87,  90 

sulfate  in  nonprotein  nitrogen  determina¬ 
tion,  84 

solution,  preparation  of,  148 
Creatinine,  dilute  standard,  in  creatinine 
determination,  95 
in  blood,  determination  of,  95 
in  urine,  nitroprusside  test  for,  130 
picric  acid  test  for,  130 
solution,  stock,  as  a  reagent  in  creatinine 
determination,  95 
Cresol  red,  pH  of,  151 

Curve,  calibration,  in  graph  of  photoelec¬ 
tric  colorimetry,  72 

Cyanide-urea  reagent  in  uric  acid  determi¬ 
nation,  97 

Cystine,  preparation  of,  25 
tests  for,  19,  26 

D-amino  acid  oxidase,  test  for,  41,  42 
Dare  hemoglobinometer,  121 
Denaturation  of  proteins,  23 
Density,  optical,  variation  with  wave-length, 
71,77 

Dextrorotatory  substances,  8 
Dialysis  of  milk,  52 

Diazo  reagent  in  van  den  Bergh  test,  in 
serum  bilirubin  determination,  128 
Digestion,  gastric,  55-57 
of  starch  by  saliva,  48 
pancreatic,  58-61 
products  of,  58 

rate,  effect  of  enzyme  concentration  on, 
59 

tryptic,  effect  of  pH  on,  59 
Digitonin  precipitation,  13 
solution  in  cholesterol  ester  determina¬ 
tion,  100 

preparation  of,  149 

Dihydrochloride,  naphthyl  ethylenediamine 
reagent  in  sulfonamide  determination, 
102 

Dinitrophenylhydrazine  solution,  prepara¬ 
tion  of,  149 

Donnan  membrane  equilibrium,  24 
Double  photocell  colorimeter,  diagram  of 
74 

Duboscq  colorimeter,  67 

Egg  yolk,  separation  of  lipids  from,  11 
Ehrlich’s  diazo  reagent,  preparation  of,  149 
Enzymes,  38-47 

concentration,  effect  on  digestion  rate,  59 
Schardinger,  test  for,  40 
Epinephrine,  effect  on  blood  glucose,  137 
Equilibrium,  Donnan  membrane,  24 


Ethylenediamine  dihydrochloride  naphthyl, 
reagent  in  sulfonamide  determination, 
102 

Fat,  analysis  of,  14,  15 

determination  by  Babcock  method,  54 
emulsion,  60 
iodine  number,  15 
milk,  52 

saponification  number,  14 
Fatty  acids,  saponification  test  for,  12 
Feeding  experiment,  140 
Fermentation  by  yeast,  44 
Ferric  chloride  solution,  preparation  of,  149 
Fibrin  tests,  65 

Filter  paper  chromatography,  20 
Filters,  color,  76 
Foam  test  for  soaps,  12 

Folin  and  Ciocalteu  determination  of  serum 
protein,  123 

Folin-Wu  blood  filtrate,  79 
blood  sugar  tube,  85 
determination  of  glucose  in  blood,  85 
of  nonprotein  nitrogen  in  blood,  80 
Formaldehyde  solution,  preparation  of,  149 
Formaline  solution  for  formol  titration, 
preparation  of,  31 
Formol  titration,  31 
electrometric,  36 

Fructose,  conversion  into  levulinic  acid,  2 
Seliwanoff  test  for,  3 
solution,  preparation  of,  149 
Furfural,  formation  of,  1 
“Fusion”  mixture,  preparation  of,  149 

Galactose,  mucic  acid  test  for,  3 
solution,  preparation  of,  149 
Gastric  acidity,  determination,  56 
digestion,  55-57 

Gelatin  solution,  preparation  of,  149 
Gerhardt’s  ferric  chloride  test  for  aceto- 
acetic  acid,  131 

Globulin,  serum,  determination  of,  125 
Glucosazone,  preparation  of,  from  potato 
starch,  5,  6 

Glucose,  acid  production  by  salivary  bac¬ 
teria  on,  51 

in  blood,  amounts  of,  table  showing,  91 
determination  of,  85,  87,  88 
solution,  preparation  of,  149 
stock,  in  glucose  determination,  86 
Glutamic  acid,  preparation  from  gluten,  27 
Glycerol,  acrolein  test  for,  12 
urease  solution  in,  121 

Glycerophosphate  substrate  solution,  buf¬ 
fered,  in  serum  alkaline  phosphatase  de¬ 
termination,  105 
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Glycogen,  determination  in  rat  liver,  138 
preparation,  6 
test  for,  6 

Gmelin’s  test  for  bile  pigments,  62 
Graph  in  photoelectric  colorimetry,  prepara¬ 
tion  of,  72 

Growth,  effect  of  lack  of  vitamin  A  on,  140 
Gum  ghatti  solution  in  nonprotein  nitrogen 
determination,  82 

Hanus  iodine  solution,  15 
method  in  determination  of  iodine  num¬ 
ber,  15 

Heller’s  test  for  proteins,  23 
Hemin,  preparation  of,  64 
test  for  blood,  65 

Hemoglobin,  absorption  spectrum  of,  76 
concentration,  estimation  of,  43 
determination,  121 
gasometric  method,  121 
Newcomer  method,  122 
Sahli  method,  122 
Tallqvist  method,  122 
Wong  method,  122 
substrate,  preparation  of,  42 
Hemoglobinometer,  Dare,  122 
Hippuric  acid,  isolation  from  urine,  130 
Hopkins-Cole  reagent,  preparation  of,  149 
test  for  fibrin  in  blood,  65 
for  proteins,  19 
for  tyrosine,  58 

Hydrochloric  acid  in  nonprotein  nitrogen 
determination,  84 
in  urea  nitrogen  determination,  94 
reagent  in  sulfonamide  determination, 
102 

solution,  preparation  of,  149 
standard,  preparation  of,  146 
Hydrogen  electrode  determination  of  pH,  34 
Hydrolysis  of  cephalin,  12 
of  lecithin,  12 
of  starch,  4 

Hydroxyphenyl  group,  Millon’s  reagent  and, 
18 

Icterus  index,  determination  of,  126 
in  bilirubin  determination,  126 
Indican  in  urine,  test  for,  132 
Inhibitors,  effect  on  salivary  amylase,  50 
effect  on  tryptic  activity,  60 
Insoluble  soaps,  test  for,  12 
Insulin,  effect  on  blood  glucose,  137 
Intensity,  photoelectric  measurement  of,  73 
Iodine  number,  determination  of,  15 
solution,  preparation  of,  149 

Hanus,  in  iodine  number  determina¬ 
tion,  15 

test  for  starch,  4 


Iron  solution,  standard,  as  a  reagent  i 
hemoglobin  determination,  123 
Isoelectric  point  of  casein,  53 

Jaffe  reaction,  95 

Kidney  function,  impaired,  137 
Kjeldahl  method  for  determining  nitroge; 
in  proteins,  29 

Laboratory  schedule,  142-145 
Lactic  acid  in  carbon  dioxide  capacity  de 
termination,  115 

in  manometric  blood  urea  determine 
tion,  121 

Lactose  solution,  preparation  of,  149 
Lambert-Beer  law,  66,  67,  70 
formula  of,  66,  67,  70,  71 
Lambert’s  law,  formula  of,  66 
Lead  acetate  and  sodium  hydroxide,  test  fo 
cystine,  19 

solution,  preparation  of,  149 
nitrate  solution,  preparation  of,  150 
Lecithin,  cadmium  chloride  salt,  12 
hydrolysis  of,  12 
preparation  from  egg,  12 
Levorotatory  substances,  9 
Liebermann-Burchard  test  for  cholestero 
13 

in  separation  of  lipids  from  egg  yolk' 
12 

Light,  plane  polarized,  7 
Lipase,  influence  of  bile  on  action  of,  62 
pancreatic,  test  for,  60 
Lipids,  11-17 

phosphorus  in,  test  for,  13 
separation  of,  from  egg  yolk,  11 
Lithium  oxalate  in  uric  acid  determination 
97 

Logarithms,  154-155 

Magnesia  mixture,  preparation  of,  150 
Maltose  solution,  preparation  of,  150 
Manometric  apparatus,  116-121 
Membrane  equilibrium,  Donnan,  24 
Mercuric  chloride  solution,  preparation 
150 

sulfate  solution,  preparation  of,  150 
Meta  cresol  purple,  pH  of,  151 
Metallic  salts,  precipitation  by,  in  test  fo 
proteins,  22 

Metaphosphoric-acetic  acid  mixture,  150 
Methyl  red,  in  urea  nitrogen  determination 
94 

pH  of,  151 

solution,  preparation  of,  150 
Methylene  blue-methyl  red  mixed  indicatoa 
preparation  of,  150 
blue  solution,  preparation  of,  150 
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Micro  amino  nitrogen  apparatus,  32 
Micro-Kjeldahl  apparatus,  modified,  83 
determination  of  nonprotein  nitrogen  in 
blood,  82 
Milk,  52-54 

casein  preparation  from,  52 
clotting  of,  calcium  and,  53 
dialysis  of,  52 
effect  of  rennin  on,  53 
fat,  52 

Millon’s  reagent,  preparation  of,  150 
test  for  fibrin  in  blood,  65 
for  proteins,  18 
for  tyrosine,  27,  58 
mixed  indicator,  84 
Molar  extinction  coefficient,  71 
Molisch  reagent,  preparation  of,  150 
test  for  carbohydrates,  1,  2 
Monosaccharides,  disaccharides  and,  Bar- 
foed  test  to  distinguish,  1 
Mucic  acid  test  for  galactose,  3 
Mucin  in  saliva,  test  for,  48 
Murexide  test  for  uric  acid  in  urine,  129 
Mutarotation,  9 

Naphthyl  ethylenediamine  dihydrochlo¬ 
ride,  reagent  in  sulfonamide  determina¬ 
tion,  102 

Nelson  determination  of  glucose  in  blood, 
87 

Nessler’s  solution,  81 

Newcomer  method  of  hemoglobin  determi¬ 
nation,  122 
Nicol  prism,  7,  8 

Ninhydrin  solution,  preparation  of,  150 
test  for  proteins,  19 

Nitrogen  in  proteins,  Kjeldahl  method  of 
determining,  29 
test  for,  24 

nonprotein,  determination  of,  80,  82 
urea,  apparatus  for,  93 

in  blood,  determination  of,  92 
Nitroprusside  test  for  creatinine  in  urine, 
130 

for  cysteine,  19 

Nonprotein  nitrogen  in  blood,  determina¬ 
tion  of,  80,  82 
Nucleoproteins,  28 

Obermayer’s  reagent,  preparation  of,  150 
Optical  density,  variation  with  wavelength, 

Optically  active  substances,  7 
Osazones,  formation  of,  3 
Oxalic  acid  solution,  preparation  of,  150 
Oxidase,  test  for,  38 
Oxygen  capacity  of  blood,  115 
utilization  by  rat  liver  slices,  45 


Pancreatic  amylase,  test  for,  60 
digest,  test  for,  58 
digestion,  58-61 
products  of,  58 
extract,  60 
lipase,  test  for,  60 
Paper  chromatography,  20 
Parazo  orange,  pH  of,  151 
Pepsin  activity,  quantitative,  estimation  of, 

42 

conditions  essential  for  action  of,  55 
solution  in  hydrochloric  acid,  preparation 
of,  150  ' 

preparation  of,  42 
Peptic  activity,  effect  of  pH  on,  56 
of  temperature  on,  55 
estimation  of,  42 
Peptide  bond  in  biuret  test,  18 
Permutit  in  ammonia  determination,  133 
Petroleum  ether  in  cholesterol  ester  deter¬ 
mination,  100 

pH  in  digestion  of  starch  by  saliva,  most 
favorable,  49 

effect  on  peptic  activity,  56 
on  tryptic  digestion,  59 
of  saliva,  51 

ranges  of  common  indicators,  150-151 
Phenol  red,  pH,  151 

Phenolphthalein  solution,  preparation  of, 
151 

Phenylhydrazine  in  formation  of  osazones, 

1 

mixture,  preparation  of,  151 
test  for  carbohydrates,  3 
Phosphatase  in  serum,  determination  of, 
104 

Phosphate  buffer  solution  in  urea  nitrogen 
determination,  94 

solution,  standard,  in  phosphorus  deter¬ 
mination,  104 

Phosphates,  inorganic,  in  blood  phosphorus, 
102 

in  urine,  test  for,  130 
Phospholipids,  test  for,  12 
Phosphomolybdic  acid  in  glucose  determi¬ 
nation,  5,  86 

Phosphorus  in  lipids,  test  for,  13,  14 
inorganic  phosphates  in  blood,  determi¬ 
nation  of,  102 

Phosphotungstic  acid  solution,  preparation 
of,  151 

Photoelectric  colorimeter,  diagram  of,  73,  74 
double  photocell,  74 
colorimetry,  70-77 
in  sulfonamide  determination,  100 
method,  advantages  over  visual  methods 
of  analysis,  70 
Phthalein  red,  pH  of,  151 

Picramic  acid,  conversion  of  picric  acid 
to,  1 
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Picric  acid,  conversion  to  picramic  acid,  1 
saturated  solution,  preparation  of,  151 
solution  in  creatinine  determination,  95 
test  for  carbohydrates,  2 
for  creatinine  in  urine,  130 
Pigments,  bile,  test  for,  62 
Pipette,  Van  Slyke,  113 
Plane  polarized  light,  7 
Plasma,  carbon  dioxide-combining  power  of, 
table  for  calculation  of,  114 
urea  in,  manometric  urease  method,  table 
of,  119 

Polarimeter,  8 
Polarimetry,  7 

Polarization  of  light,  calcite  in,  7 
Polarizer,  8 

Potassium  carbonate  solution  in  urea  nitro¬ 
gen  determination,  94 
chloride  solution  in  glacial  acetic  acid, 
preparation  of,  151 
dichromate  solution,  16 
ferrocyanide,  preparation  of,  151 
hydroxide,  alcoholic  solution,  preparation 
of,  15,  151 

iodate  solution  as  a  reagent  in  glucose 
determination,  90 
iodide  solution,  preparation  of,  151 
Potato  enzymes,  38 
extract,  preparation  of,  38 
starch,  preparation  of  glucosazone  from, 
5 

Potential,  asymmetry,  32 
Precipitation  test  for  soaps,  13 
Preservative  solution,  preparation  of,  151 
Prism,  Nicol,  7,  8 

Protein-free  blood  filtrate,  preparation  of, 
79 

Proteins,  18-37 

amino  nitrogen  in,  table  for  calculation 
of,  33 

color  tests  for,  18,  19 
in  urine,  test  for,  132 
precipitation  of,  22,  23 
quantitative  determinations  of,  29 
tests  for,  22-24 

total,  in  serum,  determination  of,  123 
Purines,  test  for,  28 
Ptyalin,  achromic  point  of  starch,  48 
activity,  influence  of  temperature  on,  49 
estimation  of,  49 

Pyrophosphate  solution,  preparation  of,  151 

Radioactive  P32, 138 
Reaction,  Jaffe,  95 

Reagents,  concentrations  of  laboratory,  146 
in  amino  nitrogen  determination,  34 
in  ammonia  determination,  134 
in  bilirubin  determination,  127-128 
in  blood  urea,  manometric  determination, 
120-121 


in  carbon  dioxide  capacity  determina 
115 

in  chloride  determination,  110-111 
in  cholesterol  determination,  99 
in  cholesterol  ester  determinations,  1C 
in  creatinine  determination,  95 
in  glucose  determination  in  blood,  86 
90,91 

in  iodine  number  determination,  15 
in  nonprotein  nitrogen  determinations 
82,  84 

in  phosphatase  determination,  105 
in  phosphorus  determination,  103,  104 
in  protein  nitrogen  determination,  30 
in  protein-free  blood  filtrate  prepara 
80 

in  saponification  number  determina 
14 

in  serum  alkaline  phosphatase  deterir 
tion,  105 

bilirubin  determination,  127-128 
protein  determination,  124-125 
in  sulfonamide  determination,  102 
in  urea,  manometric  determination, 
121 

nitrogen  determination,  94 
in  uric  acid  determination,  97 
Rennin,  effect  of,  on  milk,  53 
solution,  preparation  of,  151 
Ribose  nucleic  acid,  preparation  from  yi 
28 

test  for,  28 

Ringer-phosphate  solution,  45 
Rotation  (s),  optical,  change  in,  upor 
version  of  cane  sugar,  9 
specific,  9 
calculation  of,  7 
determination  of,  9 

Rothera’s  test  for  acetone  bodies  in  u. 
131 


Saccharimeter,  8 
Saliva,  48-51 

activity  of  dialyzed  and  undialyzed,  4U 
collection  of,  48 

digestion  of  starch  by,  determinatio 
pH  most  favorable  to,  48 
pH  of.  51 

Salkowski  test  for  cholesterol,  13 
Salting  out  test  for  proteins,  23 
for  soaps,  13 

Salts,  bile,  isolation  of,  63 

metallic,  precipitation  by,  in  test  for 
teins,  22 

Saponification  number,  determination  o. 

test  for  combined  fatty  acids,  12 
Schardinger  enzyme,  test  for,  40 
Schiff  test  for  uric  acid  in  urine,  130 
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ieliwanoff  reaction,  3 
reagent,  preparation  of,  151 
test  for  fructose,  3 

Serum  albumins,  determination  of,  125 
bilirubin  in  blood,  determination  of,  126 
icterus  index  in,  126 
van  den  Bergh  test  in,  126 
globulins,  determination  of,  125 
phosphatase,  alkaline,  in  blood,  determi¬ 
nation  of,  104 

total  proteins  in,  determination  of,  123 
Shaffer-Hartmann  determination  of  glucose 
in  blood,  88 

Silver  nitrate  solution,  152 
preparation  of,  152 
Soaps,  foam  test  for,  12 
insoluble,  test  for,  13 
precipitation  test  for,  12 
salting  out  test  for,  13 
tests  for,  12 

Soda-lime  tube,  diagram  of,  120 
Sodium  alizarin  sulfonate,  preparation  of, 
152 

bicarbonate  solution,  preparation  of,  152 
carbonate  solution,  preparation  of,  152 
chloride,  isotonic  solution,  preparation  of, 
152 

solution,  saturated,  preparation  of,  152 
cyanide  and  sodium  nitroprusside,  test 
for  cystine,  26 

hydroxide  and  lead  acetate,  test  for 
cystine,  26 

in  glucose  determination,  91 
in  manometric  blood  urea  determina¬ 
tion,  121 

in  serum  protein  determination,  124 
in  urea  nitrogen  determination,  94 
saturated  in  manometric  blood  urea  de¬ 
termination,  120 
solution,  preparation  of,  152 
solution  as  a  reagent  in  creatinine  de¬ 
termination,  95 
preparation  of,  152 
standard,  preparation  of,  146 
nitrite  reagent  in  amino  nitrogen  deter¬ 
minations,  34 

in  sulfonamide  determination,  102 
solution,  preparation  of,  152 
nitroprusside  and  sodium  cyanide,  test  for 
cystine,  26 

solution,  preparation  of,  152 
sulfate  in  serum  protein  determination 
125 

thiosulfate  solution  in  iodine  number  de¬ 
termination,  16 

tungstate  in  preparation  of  protein-free 
blood  filtrate,  80 
Solutions  and  reagents,  146-153 
Specific  rotation,  calculation  of,  9 


Spectrophotometers,  75 
Junior  clinical,  75 

Starch,  digestion  of,  by  saliva,  determina¬ 
tion  of  pH  most  favorable  to,  49 
hydrolysis  of,  4 
iodine  test  for,  4 
potato,  preparation  of,  4 

preparation  of  glucosazone  from,  5 
solution,  in  glucose  determination,  90 
preparation  of,  152 
time-course  of  hydrolysis,  5 
Stokes’  reagent,  preparation  of,  152 
Substrate  solution,  glycerophosphate,  buf¬ 
fered,  105 

Sucrase,  precipitation  by  alcohol,  39 
test  for,  38 

Sucrose,  identification  of,  in  presence  of 
glucose,  6 
inversion  of,  4 
rate  of  acid  hydrolysis  of,  9 
solution,  preparation  of,  152 
Sugar (s) ,  reducing,  in  urine,  test  for,  132 
unknown,  identification  of,  7 
Sulfamate,  ammonium,  reagent  in  sulfon¬ 
amide  determination,  102 
Sulfanilamide  levels  in  blood,  137 
Sulfonamide (s),  in  blood,  determination  of, 
100 

calibration  curve,  101 
photoelectric  colorimetry  in,  101 
solutions  as  reagents  in  sufonamide  de¬ 
termination,  102 
Sulfur  in  proteins,  test  for,  24 
Sulfuric  acid,  in  cholesterol  determination, 
99 

in  glucose  determination,  90 
in  nonprotein  nitrogen  determination, 
81,  84 

in  protein-free  blood  filtrate  prepara¬ 
tion,  80 

in  urea  nitrogen  determination,  94 
solution,  preparation  of,  152 
Surface  tension,  effect  of  bile  on,  63 

Tallqvist  determination  of  hemoglobin  in 
blood,  121,  122 

Tannic  acid  solution,  preparation  of,  153 
Teeth,  inorganic  constituents,  50 
Temperature,  effect  on  peptic  activity,  55 
on  ptyalin  activity,  49 
on  tryptic  activity,  60 
Thiocyanates  in  saliva,  test  for,  48 
Thiosulfate,  stock  solutions  of,  as  reagents 
in  glucose  determination,  90 
Thunberg  tube,  40 
Thymol  blue,  pH  of,  151 
Tissue  respiration  measurements,  45 
Toluene-thymol  solution,  preparation  of 
153 

Tolyl  red,  pH  of,  151 
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Trichloracetic  acid  in  phosphorus  determi¬ 
nation,  103 

in  serum  alkaline  phosphatase  deter¬ 
mination,  105 

in  sulfonamide  determination,  102 
solution,  preparation  of,  153 
Triketo-hydrindene  hydrate  solution,  nin- 
hydrin,  preparation  of,  150 
Trypsin,  activity  of,  quantitative  determina¬ 
tion  of,  59 

Tryptic  activity,  effect  of  inhibitors  on,  60 
of  temperature  on,  60 
digestion,  effect  of  pH  on,  59 
Tryptophan,  test  for,  58 
Tube,  Babcock,  54 
Thunberg,  40 

Tyrosine,  determination  of,  29 
preparation  of,  26 

solution  in  serum  protein  determination, 
125 

test  for,  27,  58 

Urea,  biuret  in,  formation  of,  129 
decomposition  of,  by  urease,  116,  129 
in  urine,  xanthydrol  test  for,  129 
manometric  determination  of,  116 
nitrogen  in  blood,  determination  of,  92 
apparatus  for,  93 
oxalate  in  urea,  test  for,  129 
solution,  preparation  of,  153 
urea  oxalate  in,  test  for,  129 
Urease,  decomposition  of  urea  by,  129 

manometric  method  for  urea  in  blood, 
table  of,  116 
solution  in  glycerol,  121 

in  urea  nitrogen  determination,  92 
suspension  in  urea  nitrogen  determina¬ 
tion,  92 

Uric  acid  in  blood,  determination  of,  96 
in  urine,  murexide  test  for,  129 
Schiff  test  for,  130 
tests  for,  129,  130 

reagent  in  uric  acid  determination,  97 
solution  in  uric  acid  determination,  97 
Urine,  129-136 

acetoacetic  acid  in,  test  for,  131 
acetone  bodies  in,  test  for,  131 


ammonia  in,  determination  of,  133 
bile  in,  test  for,  132 
blood  in,  test  for,  132 
chlorides  in,  135 

collection  of  24-hour  specimen,  133 
creatinine  in,  tests  for,  130 
determination  of  creatinine,  134 
indican  in,  test  for,  132 
isolation  of  hippuric  acid  from,  130 
phosphates  in,  test  for,  134 
proteins  in,  test  for,  132 
reducing  sugars  in,  test  for,  132 
urea  in,  xanthydrol  test  for,  129 
uric  acid  in,  tests  for,  129,  130 

Van  den  Berg  test  for  bile  pigments,  62 
for  serum  bilirubin  in  blood,  126,  127 

Van  Slyke  manometer  apparatus,  117 
micro  amino  nitrogen  apparatus,  32 
pipette,  diagram  of,  113 
volumetric  apparatus,  111-115,  115-116 

Visual  colorimetry,  67-69 

Vitamin  A,  lack  of,  effect  on  growth,  141 

Volumetric  apparatus,  Van  Slyke,  111-llf 
115-116 

Warburg  constant-volume  manometer  an  , 
reaction  vessel,  46 

Wavelength,  variation  of  optical  densit 
with,  77 

Weights,  atomic,  (facing  title  page) 

Wijs  method  in  determination  of  iodin 
number,  15 

Wong  method  of  hemoglobin  determina 
tion,  122 

Xanthoproteic  test  for  proteins,  18 
for  tyrosine,  58 

Xanthydrol  solution  in  methyl  alcohoj 
preparation  of,  153 
test  for  urea  in  urine,  129 

Yeast,  fermentation  of,  44 

Zinc  sulfate  solution  as  a  reagent  in  glucos 
determination,  91 

Zwitterion  theory,  31 


